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Low-Power Microcontrollers for Battery-Friendly Design 


Microchip Offers Lowest Currents for Active and Sleep Modes 
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Extend the battery life in your application using PIC® microcontrollers with nanoWatt GET STARTED IN 3 EASY STEPS 


XLP Technology and get the industry’s lowest currents for Active and Sleep modes. 
ee : : 1. View the Low Power Comparison 


Microchip’s new peripheral-rich PIC12F182X, PIC16F182X and PIC16F19XX families offer active videos 
currents of less than 50 uA and sleep currents down to 20 nA. These products enable you to create 2. Download the Low Power 
battery-friendly designs that also incorporate capacitive touch sensing, LCD, communications and 


other functions which help differentiate your products in the marketplace. Tips 'n Tricks 
3. Order samples and development 
Microchip's Enhanced Mid-range 8-bit architecture provides up to 50% increased performance tools 


and 14 new instructions that result in up to 40% better code execution over previous-generation 


www.microchip.com/XLP 
8-bit PIC16 MCUs. 


P1C12F182X and PIC16F182X families PIC16F19XX family includes: 

include: ° mlouch capacitive touch-sensing 

° Packages ranging from 8 to 64 pins ° LCD drive 

* mlouch™ capacitive touch-sensing © Multiple communications peripherals 

° Multiple communications peripherals ° More PWM channels, with independent 

¢ Dual ?C™/SPI interfaces timers 

e PWM outputs with independent time bases — ° Up to 28 KB of Flash program memory — 

= Dats signal eadilatar # Enhanced data EEPROM PIC16F193X ‘F1’ Evaluation Platform - DM164130-1 


° 32-level bandgap reference 
° Three rail-to-rail input comparators 


Intelligent Electronics start with Microchip 
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The Microchip name and logo, the Microchip logo and PIC are registered trademarks and mTouch is a trademark of Microchip Technology Incorporated in the U.S.A. and other countries. © 2010 Energizer. Energizer and other marks are trademarks 
owned by Energizer. All other trademarks mentioned herein are property of their respective companies. © 2010, Microchip Technology Incorporated, All Rights Reserved. ME257Eng/06.10 
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MULTI-FUNCTION ACTIVE FILTER MODULE by John Clarke 
A versatile design, ideal as an active crossover in loudspeaker systems 


METAL LOCATOR by John Clarke 
Perfect for finding steel frames, studs, bracing and nails in plaster walls 


LOOP ANTENNA AND AMPLIFIER by Branko Justic and Ross Tester 
Listen to faint AM stations, separate close signals — small enough for flats 


A BEAM-BREAK FLASH TRIGGER by Jim Rowe 
An easy-to-build accessory for the Time Delay Photoflash Trigger 


CONVERTING UNIDEN SCANNERS FOR AIS by Stan Swan 
How to attach a ‘slim Jim’ antenna to a popular scanner 


INGENUITY UNLIMITED 
PCB track probing unit 
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TECHNO TALK by Mark Nelson 
Blinded by the light 


TEACH-IN 2011 by Mike and Richard Tooley 

Part 9: Digital-to-analogue and analogue-to-digital conversion 
CIRCUIT SURGERY by lan Bell 

LED current drivers 

PRACTICALLY SPEAKING by Robert Penfold 

The low down on voltmeters — analogue and digital 

MAX’S COOL BEANS by Max The Magnificent 

My Boomerang won’t come back... Mega cool iPad oscilloscope 


NET WORK by Alan Winstanley 
Radio Ga-Ga... Domotically-enhanced... 
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EDITORIAL 
Computing for the ‘common man’ 


It’s in our DLNA 


NEWS - Barry Fox highlights technology’s leading edge 
Plus everyday news from the world of electronics 


MICROCHIP READER OFFER 
EPE Exclusive — Win a Microchip CAN Development Kit 


PIC RESOURCES CD-ROM 


EPE PIC Tutorial V2, plus PIC Toolkit Mk3 and a selection of PlC-related articles 


EPE BACK ISSUES Did you miss these? 
SUBSCRIBE TO EPE and save money 


EPE PIC PROJECTS CD-ROM VOL.1 AND VOL.2 
A plethora of handPIiCed projects 


CD-ROMS FOR ELECTRONICS 
A wide range of CD-ROMs for hobbyists, students and engineers 


READOUT - Matt Pulzer addresses general points arising 


DIRECT BOOK SERVICE 
A wide range of technical books available by mail order, 
plus more CD-ROMs 


EPE PCB SERVICE 
PCBs for EPE projects 
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WARNING! 


The materials and works contained within EPE Online — which are made available 
by Wimborne Publishing Ltd and TechBites Interactive Inc — are copyrighted. You 
are permitted to make a backup copy of the downloaded file and one (1) hard 
copy of such materials and works for your personal use. 


International copyright laws, however, prohibit any further copying or 
reproduction of such materials and works, or any republication of any kind. 
TechBites Interactive Inc and Wimborne Publishing Ltd have used their best 
efforts in preparing these materials and works. However, TechBites Interactive Inc 
and Wimborne Publishing Ltd make no warranties of any kind, expressed or 
implied, with regard to the documentation or data contained herein, and 
specifically disclaim, without limitation, any implied warranties of merchantability 
and fitness for a particular purpose. Because of possible variances in the quality 
and condition of materials and workmanship used by readers, EPE Online, its 
publishers and agents disclaim any responsibility for the safe and proper 
functioning of reader-constructed projects based on or from information 
published in these materials and works. In no event shall TechBites Interactive Inc 
or Wimborne Publishing Ltd be responsible or liable for any loss of profit or any 
other commercial damages, including but not limited to special, incidental, 
consequential, or any other damages in connection with or arising out of 
furnishing, performance, or use of these materials and works. 


QUASAR 


The Electronic Kit Specialists Since 1993 


PIC & ATMEL Programmers 


We have a wide range of low cost PIC and 
ATMEL Programmers. Complete range and 
documentation available from our web site. 


Programmer Accessories: 

40-pin Wide ZIF socket (ZIF40W) £14.95 
18Vdc Power supply (PSU121) £24.95 
Leads: Parallel (_DC136) £3.95 / Serial 
(LDC441) £3.95 / USB (LDC644) £2.95 


- USB/Serial connection. 
eee Header cable for ICSP. 
fee) Free Windows XP soft- 
me ware. See website for PICs 
eae, supported. ZIF Socket and 
| USB lead extra. 18Vdc. 
Kit Order Code: 3149EKT - £49.95 
Assembled Order Code: AS3149E - £59.95 
Assembled with ZIF socket Order Code: 
AS3149EZIF - £74.95 


USB PIC programmer for a wide 
range of Flash & OTP devices— 
see website for details. Free Win- | 
dows Software. ZIF Socket and 
USB lead not included. Supply: 
16-18Vdc. 

Assembled Order Code: AS3150 - £49.95 
Assembled with ZIF socket Order Code: 
AS3150ZIF - £64.95 


ii 


Uses serial port and any 
standard terminal comms 
program. 4 LED’s display 
the status. ZIF sockets not 
included. Supply: 16Vdc. 
Kit Order Code: 3123KT - £28.95 

Assembled Order Code: AS3123 - £39.95 


Go from complete beginner 
to burning a PIC and writing 
code in no time! Includes 49 
page step-by-step PDF 
Tutorial Manual, Program- 
ming Hardware (with LED 
test section), Win 3.11—XP Programming 
Software (Program, Read, Verify & Erase), 
and 1rewritable PIC16F84A that you can use 
with different code (4 detailed examples pro- 
vided for you to learn from). PC parallel port. 
Kit Order Code: 3081KT - £16.95 
Assembled Order Code: AS3081 - £24.95 


Low cost PIC program- 
mer board supporting 
a wide range of Micro- 
chip® PIC™ microcon- 
trollers. Requires PC 
serial port. Windows 
interface supplied. 

Kit Order Code: K8076KT - £39.95 


01279 


Credit Card 
Sales 


The PIC Programmer & 
Experimenter Board with 
test buttons and LED indi- 
cators to carry out educa- 
tional experiments, such as 
the supplied programming examples. In- 
cludes a 16F627 Flash Microcontroller that 
can be reprogrammed up to 1000 times for 
experimenting at will. Software to compile 
and program your source code is included. 
Kit Order Code: K8048KT - £39.95 
Assembled Order Code: VM111 - £59.95 


Controllers & Loggers 


Here are just a few of the controller and 
data acquisition and control units we have. 
See website for full details. 12Vdc PSU for 
all units: Order Code PSU303 £9.95 


5 digital input chan- 
nels and 8 digital out- 
put channels plus two 
analogue inputs and 
two analogue outputs 
with 8 bit resolution. 
Kit Order Code: K8055KT - £39.95 
Assembled Order Code: VM110 - £64.95 


State-of-the-Art. High security. 
4 channels. Momentary or 
latching relay output. Range 
up to 40m. Up to 15 Tx’s can 
be learnt by one Rx (kit in- all 
cludes one Tx but more avail- co § 
able separately). 4 indicator LED ’s. Rx: PCB 
77x85mm, 12Vdc/6mA (standby). Two & Ten 
Channel versions also available. 
Kit Order Code: 3180KT - £54.95 
Assembled Order Code: AS3180 - £64.95 


Serial port 4-channel tem- 
perature logger. °C or °F. 

.. Continuously logs up to 4 
separate sensors located 
200m+ from board. Wide 
range ot tree software applications for stor- 
ing/using data. PCB just 45x45mm. Powered 
by PC. Includes one DS1820 sensor. 

Kit Order Code: 3145KT - £24.95 
Assembled Order Code: AS3145 - £31.95 
Additional DS1820 Sensors - £4.95 each 


Place next to a mobile phone (not 
included). Allows toggle or auto- 
timer control of 3A mains rated 
output relay from any location 
with GSM coverage. of 
Kit Order Code: MK160KT - £14.95 


rol a th 
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Call your phone num- 
ber using a DIMF 
phone from anywhere 
in the world and re- 
motely turn on/off any 
of the 4 relays as de- 
sired. User settable Security Pee onere Anti- 
Tamper, Rings to Answer, Auto Hang-up and 
Lockout. Includes plastic case. 130 x 110 x 
30mm. Power: 12Vdc. 

Kit Order Code: 3140KT - £79.95 
Assembled Order Code: AS3140 - £94.95 


Computer controlled 8 
channel relay board. 5A 
mains rated relay outputs 
and 4 opto-isolated digital 
inputs (for monitoring 
switch states, etc). Useful 
in a variety of control and qo 
sensing applications. Programmed via serial 
port (use our new Windows interface, termi- 
nal emulator or batch files). Serial cable can 
be up to 35m long. Includes plastic case 
130x100x30mm. Power: 12Vdc/500mA. 

Kit Order Code: 3108KT - £74.95 

Assembled Order Code: AS3108 - £89.95 


Control 12 onboard relays with 
included infrared remote con- 
trol unit. Toggle or momentary. 
15m+ range. 112 x 122mm. 
Supply: 12Vdc/0.5A 

Kit Order Code: 3142KT - £64.95 
Assembled Order Code: AS3142 - £74.95 


Detect DTMF tones from 
tape recorders, receivers, 

. two-way radios, etc using 

~ the built-in mic or direct 
from the phone line. Char- 
acters are displayed on a 
16 character display as they are received and 
up to 32 numbers can be displayed by scroll- 
ing the display. All data written to the LCD is 
also sent to a serial output for connection to a 
computer. Supply: 9-12V DC (Order Code 
PSU303). Main PCB: 55x95mm. 

Kit Order Code: 3153KT - £37.95 

Assembled Order Code: AS3153 - £49.95 


3 independent high power 
channels. Preprogrammed 
or user-editable light se- 
quences. Standalone op- 
tion and 2-wire serial inter- * 
face for microcontroller or 
PC communication with simple command set. 
Suitable for common anode RGB LED strips, 
LEDs and incandescent bulbs. 56 x 39 x 
20mm. 12A total max. Supply: 12Vdc. 

Kit Order Code: 3191KT - £27.95 

Assembled Order Code: AS3191 - £37.95 


Hot New Products! 

Here are a few of the most recent products 
added to our range. See website or join our 
email Newsletter for all the latest news. 


4 channel computer 
serial port temperature 
monitor and relay con- 
troller with four inputs 
for Dallas DS18S20 or 
DS18B20 digital ther- 
mometer sensors (£3.95 each). Four 5A 
rated relay channels provide output control. 
Relays are independent of sensor channels, 
allowing flexibility to setup the linkage in any 
way you choose. Commands for reading 
temperature and relay control sent via the 
RS232 interface using simple text strings. 
Control using a simple terminal / comms 
program (Windows HyperTerminal) or our 
free Windows application software. 

Kit Order Code: 3190KT - £84.95 
Assembled Order Code: AS3190 - £99.95 


Feature packed non-volatile © 
40 second multi-message | 
sound recorder module us- 
ing a high quality Winbond 
sound recorder IC. Stand- 


alone operation using just six onboard Bat | 


tons or use onboard SPI interface. Record 
using built-in microphone or external line 
in. 8-24 Vdc operation. Just change one re- 
sistor for different recording duration/sound 
quality. sampling frequency 4-12 kHz. 

Kit Order Code: 3188KT - £29.95 
Assembled Order Code: AS3188 - £37.95 
120 second version also available 


Get better performance from 
your stepper motors with this 
dual full bridge motor driver 
based on SGS Thompson 
chips L297 & L298. Motor 
current for each phase set 
using on-board potentiometer. Rated to han- 
dle motor winding currents up to 2 Amps per 
phase. Operates on 9-36Vdc supply voltage. 
Provides all basic motor controls including full 
or half stepping of bipolar steppers and direc- 
tion control. Allows multiple driver synchroni- 
sation. Perfect for desktop CNC applications. 
Kit Order Code: 3187KT - £39.95 

Assembled Order Code: AS3187 - £49.95 


Digitally cleans the video 
signal and removes un- 
wanted distortion in video 
signal. In addition it stabilises 
picture quality and luminance Amc aOne: 
You will also benefit from improved picture 
quality on LCD monitors or projectors. 

Kit Order Code: K8036KT - £32.95 
Assembled Order Code: VM106 - £49.95 


Motor Speed Controllers 


Here are just a few of our controller and 
driver modules for AC, DC, Unipolar/Bipolar 
stepper motors and servo motors. See 
website for full details. 


Control the speed of 
almost any common 

| DC motor rated up to 
100V/7.5A. Pulse width 
modulation output for 
maximum motor torque 
at all en Supply: 5-15Vdc. Box supplied. 
Dimensions (mm): 60Wx100Lx60H. 

Kit Order Code: 3067KT - £19.95 

Assembled Order Code: AS3067 - £27.95 


Drives any 5-35Vdc 5, 6 
or 8-lead unipolar stepper 
motor rated up to 6 Amps. 
Provides speed and direc- 
tion control. Operates in stand- alone or PC- 
controlled mode for CNC use. Connect up to 
six 3179 driver boards to a single parallel 
port. Board supply: 9Vdc. PCB: 80x50mm. 
Kit Order Code: 3179KT - £16.95 
Assembled Order Code: AS3179 - £23.95 


Drive any 5-50Vdc,5 Amp fi 
bi-polar stepper motor using FE 
externally supplied 5V lev- i 
els for STEP and DIREC- 
TION control. Opto-isolated = 
inputs make it ideal for CNC applications 
using a PC running suitable software. Board 
supply: 8-30Vdc. PCB: 75x85mm. 

Kit Order Code: 3158KT - £24.95 
Assembled Order Code: AS3158 - £34.95 


Control the speed of 
most common DC 
motors (rated up to 
32Vdc/10A) in both 
the forward and re- 
verse direction. The 
range of control is from fully OFF to fully ON 
in both directions. The direction and speed 
are controlled using a single potentiometer. 
Screw terminal block for connections. 

Kit Order Code: 3166v2KT - £23.95 
Assembled Order Code: AS3166v2 - £33.95 


Reliable and simple to 
install project that allows 
you to adjust the speed of «> 
an electric drill or 230V AC “Sai 
single phase induction 
motor rated up to 600 : 
Watts. Simply turn the potentiometer to adjust 
the motors RPM. PCB: 48x65mm. Not suit- 
able for use with brushless AC motors. 

Kit Order Code: 1074KT - £15.95 

Assembled Order Code: AS1074 - £23.95 
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QUASAR 


The Electronic Kit Specialists Since 1993 


Electronic Project Labs 


Great introduction to the world of electron- 
ics. Ideal gift for budding electronics expert! 


Top of the range. Com- 
plete self-contained elec- 
tronics course. Takes you 
from beginner to ‘A’ Level 
standard and beyond! 
Contains all the hardware 
and manuals to assemble 
500 projects. You get 3 
comprehensive course - —— 
books (total 368 pages) - Hardware Entry 
Course, Hardware Advanced Course and a 
microprocessor based Software Program- 
ming Course. Each book has individual circuit 
explanations, schematic and connection dia- 
grams. Suitable for age 12+. 

Order Code EPL500 - £199.95 


Tools & Test Equipment 


We stock an extensive range of soldering 


tools, test equipment, power supplies, 
inverters & much more - please visit web- 
site to see our full range of products. 


Features 2 input chan- ssa 
nels - high contrast LCD ce 
with white backlight - full =“) 
auto set-up for volt/div 
and time/div - recorder 
roll mode, up to 170h per 
screen - trigger mode: 
run - normal - once - roll ... - adjustable trig- 
ger level and slope and much more. 

Order Code: APS230 - £499-95 


The Personal Scope is not a 
graphical multimeter but a com- 
plete portable oscilloscope at the 
size and the cost ofa good mul- fi 
timeter. Its high sensitivity - down <= 
to 0.1mV/div - and extended 
scope functions make this unit 
ideal for hobby, service, automo- 
tive and development purposes. Because of 
its exceptional value for money, the Personal 
Scope is well suited for educational use. 
Order Code: HPS10 - £189-95 


www. quasarelectronics.com 
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Automotive Kits 


Courtesy Interior Light Delay Kit 
KC-5392 £7.50 plus postage & packing 


Many modern cars feature a time delay on the 
interior light. It still allows you time to buckle up and 
get organised before the light dims and finally goes 
out. This kit provides that feature for cars which 
don't already provide it. It has a soft fade out after a 
set time has elapsed, and features a 
much simpler universal Poul) 
than our previous 
models. 


e Kit supplied with 
PCB with overlay, 
and all electronic components. 

e Suitable for circuits switching ground or 
+12V or 24VDC 

e PCB Dimensions: 78 x 46mm 

Featured in EPE February 2007 


Programmable Ignition System 

KC-5442 £34.50 plus postage & packing 
This advanced and versatile ignition system is 
suited for both two & four stroke engines. 

Used to modify the factory ignition timing or 

as the basis for a stand-alone ignition system 
with variable ignition timing, electronic coil 


control and anti-knock sensing (available separately). 


e Timing retard & advance 
over a wide range 

e Suitable for single coil 
systems 

e Dwell adjustment 

e Single or dual 
mapping ranges 

e Max & min RPM adjustment 


e Kit includes PCB with overlay, programmed micro, 


all electronic compontents and die cast box 
Featured in EPE November 2009 


Tempmaster Fridge Controller Mk Il 
KC-5476 £12.00 plus postage & packing 


Everyday Practical Electronics 


FEATURED KITS 


Everyday Practical Electronics Magazine has been publishing a series of popular kits by the acclaimed Silicon Chip Magazine 
Australia. These projects are ‘bullet proof’ and already tested Down Under. All Jaycar kits are supplied with specified board 
components, quality fibreglass tinned PCBs and have clear English instructions. Watch this space for future featured kits. 


Capacitor Discharge Ignition 
Kit for Motor Bikes 


KC-5466 £8.00 plus postage & packing 
Many modern motor bikes use a Capacitor 
Discharge Ignition (CDI) to improve performance 
and enhance reliability. However, if the CDI ignition 
module fails, a replacement can be very expensive. 
This kit will replace many failed factory units and Is 
suitable for engines that provide a positive capacitor 
voltage and have a separate trigger coil. This CDI 
module uses cheap and readily available parts and 
is worth a try before shelling out lots of hard-earned 
cash for a genuine replacement module. 

Supplied with solder masked PCB and 

overlay, case and components. 

Some mounting hardware 

required. 


e PCB: 45 x 64mm 
Featured in EPE 
June/July 2010 


Delta Throttle Timer Kit 
KC-5373 £9.25 plus postage & packing 


This brilliant design will trigger a relay when the 
accelerator is pressed or lifted quickly. Used for 
automatic transmission switching of economy to 
power modes or trigger electronic blow-off valves 
on quick throttle lifts etc. It is completely 
adjustable, and uses the output of a standard 
throttle position sensor. 


e Kit supplied with 
PCB, and all 
electronic 
components 

Featured in EPE 

November 2006 


Turn an old chest freezer into an energy-efficient fridge or beer keg fridge. Or convert a standard 


fridge into a wine cooler. These are just two of the jobs this low-cost and easy-to- 
build electronic thermostat kit can do without the need to modify internal wiring! 
Used also to control 12V fridges or freezers, as well as heaters in hatcheries and 
fish tanks. Short-form kit contains PCB, sensor and all specified components. 

You'll need to add your own 240V GPO, switched IEC socket and case. 


e PCB Dimensions: 68 x 67mm 
Featured in EPE February 2011 


Water Tanks Kits 
PIC Based Water Tank Level Meter Kit 


= 


Remote Control Mains Switch 


KC-5460 £39.50 plus postage & packing 
This PIC-based unit uses a pressure sensor to monitor 
water level and will display tank level via an RGB LED at 
the press of a button. The kit can be expanded to include 
and optional wireless remote display panel that can 
monitor up to ten separate tanks 

(KC-5461) or you can add a 
wireless remote controlled 
mains power switch (KC- 
5462) to control remote 
water pumps. Kit includes 
electronic components, 
case, screen printed PCB 
and pressure sensor. 
Featured in EPE May 2010 


Also available: KC-5461 
Remote display kit £31.00 


guCiT Freecall ord 


KC-5462 £36.25 plus postage 

& packing 

Commercial remote control mains switches are 
available but these are generally limited to a 
range of less than 20m. This UHF system will 
operate up to 200m and is perfect for remote 
power control systems etc. The switch can be 
activated using the included hand held controller. 
Kit Supplied with case, screen 
printed PCB, RF 
modules and all 
electronic 
components. 
Note: Requires 
UK mains 
socket or 
adaptor. ae 
Featured in EPE May 2010 = 


JULY 2011 


Improved Low Voltage Adaptor 


KC-5463 £6.75 plus postage & packing 
This versatile regulator will let you run a variety of 
devices such as CD, DVD or MP3 players, digital 
cameras or even powered speakers In 

your car or from the power supply 

inside your PC. This unit can supply 

either 3V, 5V, 6V, OV, 12V or 15V froma 

higher input voltage at up to four amps 

(with a suitable heatsink). Kit includes 

screen printed PCB and all specified 
components. 


Note: To ensure trouble free 4 amp 
output, a heatsink with a thermal 
resistance of 1.4 degrees C per watt, 
and an input voltage 3VDC above the 
output voltage Is required. 


e PCB Dimensions: 108 x 37mm 
Featured in EPE November 2007 


3V to 9V DC to DC Converter Kit 
KC-5391 £6.00 plus postage & packing 


This great little converter allows you to use regular 
Ni-Cd or Ni-MH 1.2V cells, or Alkaline 1.5V cells for 
QV applications. Using low cost, high capacity 
rechargeable cells, the kit will pay for itself in no- 
time! You can use any 1.2-1.5V cells you desire. 
Imagine the extra capacity ¢ 

you would have using 

two 9000mAh D 

cells in 

replacement 

of a low 

capacity 9V cell. 


e PCB Dimensions: 59 x 29mm 
Featured in EPE June 2007 


Low Cost Programmable Interval Timer 


KC-5464 £12.75 plus postage & packing 


Here's a new and completely updated version of 
the very popular low cost 12VDC electronic timer. 
It is link programmed for either a single ON, or 
continuous ON/OFF cycling for up to 48 on/off time 
periods. Selectable periods are from 1 to 80 
seconds, minutes, or 

hours and it can be 

restarted at any 

time. Kit includes 

PCB and all 

specified electronic 

components. 


e 12VDC required 

e PCB Dimensions: 102 x 42mm 
Featured in EPE August 2010 
433MHz Remote Switch Kit 


KC-5473 £16.50 plus postage & packing 


%| Suitable for remote control of practically anything up 


to a range of 200m. The receiver has momentary or 
toggle output and the momentary period can be 
adjusted. Up to five receivers can be used in the 
same vicinity. 
Short-form kit, 
contains two / 
PCBs and all | 
specified 
components. 


e Extra transmitter kit: KC-5474 £8.50 
e PCB Dimensions: Tx: 85 x 68mm Rx: 79 x 48mm 
Featured in EPE August/September 2008 
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KIT OF THE MONTH 


Hearing Loop Receiver Kit 


KC-5497 £12.75 plus 

postage & packing 

A hearing loop is an inductive 

assisted listening system for 

the hearing impaired. They're 

typically installed in venues 

such as churches and 

conference rooms to enable 

listeners to receive in-ear 

communication via a wireless 

induction loop. You can now 

install this technology on your 

own TV, home theatre or hi-fi 

system. This will enable 

someone who's hard of 

hearing to hear at their own 

volume level without having to 

turn the volume up to a level too high for « everyone 
else. The receiver will drive a pair of headphone or 
earbuds from the signal picked up from the hearing 
loop. The whole unit is completely self-contained 
and can be carried around in a pocket or you can 
add your own belt clip, so the user isn't 
constrained by a set of headphone leads. The kit is 
complete with case, label, PCB and components. 


mprove Your 
Hearing 
Without The 
EXPENSE! 


e Current consumption: 
10mA 

e Frequency response: 
100HZz - 5kHz 

e S/N ratio: 67dB 

e Battery voltage indication: Down to 7V 

e PCB: 65 x 86mm 

Note: Transmitter not included 


45 Second Voice Recorder Module 


KC-5454 £16.00 plus postage & packing 
Will record two, four or eight different messages 
for random-access playback or a single message 
for "tape mode" playback. It also provides cleaner 
and glitch-free line-level audio output suitable for 
feeding an amplifier or PA system. It can be 
powered from any source of 9 - 12VDC. Supplied 
with silk screened and solder _ 

masked PCB and all 

electronic 

components. 


e PCB: 58 x 
120mm 


Audio Kits 


Studio 350 - High Power Amplifier 

KC-5372 £63.50 plus postage & packing 

The studio 350 power amplifier will deliver a whopping 
350WRMS into 4 ohms or 200WRMS into 8 ohms. It 
offers real grunt using a high power MJ21193/4 
transistor and is super quiet with a very low signal to 
noise ratio and harmonic distortion. This kit is Supplied in 
short form with PCB and electronic components. Kit 
requires heatsink and (+/-) 70V 44 


power supply as described in 
instructions. See website for 
more specifications. 


* PCB: 136 x 241mm 


Post & Packing Charges 


Order Value Cost 
FQ 249,99 e5 
£50 - £99.99 £10 
£100 - £199.99 £20 
£200 - £499.99 £30 «All pricing in 

£500+ £40 Pounds Sterling 
Max weight 12Ib (5kg) ° Minimum order £10 


Heavier parcels POA Prices valid until 
Minimum order £10 31/7/2011 


Note: Products are 
despatched from Australia, 
so local customs duty & 
taxes may apply. 


Clifford The Cricket 


KC-5178 £6.25 plus postage & packing 
Clifford hides in the dark and chirps annoyingly until 
a light is turned on - just like a real cricket. Clifford is 
created on a small PCB, measuring just 40 x 35mm 
and has cute little LED insect eyes that flash as it 
sings. Just like a real cricket, it waits a few seconds 
after darkness until it begins chirping, and stops 
instantly when a light comes back on. 


e PCB, piezo buzzer, 
LDR plus 
all electronic 
components 
supplied 

e PCB: 41 x 36mm 


SCI-FI Kits 


Jacob's Ladder High 

Voltage Display Kit MK2 

KC-5445 £15.75 plus postage & packing 
With this kit and the purchase of a 12V ignition coil 
(available from auto stores and parts recyclers), 
create an awesome rising ladder of noisy sparks that 
emits the distinct smell of ozone. This improved 
circuit is suited to modern high power ignition coils 
and will deliver a spectacular visual display. 


Kit includes PCB, 
pre-cut wire/ladder 
and all electronic 
components. 


e 12V automotive 
ignition coil and case not included 

e 12V car battery, 7Ah SLA or >5Amp DC power 
supply required and not included 

e PCB: 170 x 76mm 


Warning: The Jacobs Ladder Kit uses 
potentially dangerous voltage. 


Bridge Mode Adaptor _ 


KC-5469 £10.25 plus 

postage & packing 

Enables you to run a stereo 

amplifier in ‘Bridged Mode’ to effectively double the 
power available to drive a single speaker. There are 
no modifications required on the amplifier and the 
signal processing is done by this clever kit. Supplied 
with silk screened PCB and components. Requires 
balanced (+/-) 15-60V power supply. 


e PCB: 103 x 85mm 


Balanced to Unbalanced Audio Converter 


KC-5468 £12.00 plus postage & packing 
This kit will adapt an unbalanced input to 
balanced output and vice versa and allows 
domestic equipment to be integrated into a 
professional installation while maintaining the 
inherent high immunity to noise pick-up on long 
cable runs provided by balanced 
lines. Kit Supplied with 
solder masked PCB 
and all specified 
components. 


e PCB: 85 x 103mm 


HOW TO ORDER 


www.jaycarelectronics.co.uk 

0800 032 7241* 

+61 2 8832 3118" 

techstore @jaycarelectronics.co.uk 

P.O. Box 107, Rydalmere NSW 2116 Australia 


“Australian Eastern Standard Time 
(Monday - Friday 09.00 to 17.30 GMT + 10 hours) 
Expect 10-14 days for air parcel delivery 


Order online: www.jaycarelectronics.co.uk 


Don't just sit 
there BUILD 


SOMETHING! 


»,| readily available 
~ | components. Use it 


Sight & SOUNC kits for Electronic Enthusiasts 


“Minivox" Voice Operated Relay 


KC-5172 £6.00 plus postage & packing 
Voice operated relays 

are used for 

‘hands free’ radio 

communications 

and some PA 

applications etc. 

Instead of pushing a 

button, this device is activated by the sound of a 
voice. This tiny kit fits in the tightest spaces and has 
almost no turn-on delay. 12VDC @ 35mA required. 
Kit is supplied with PCB electret mic, and all 


specified components. Communicate 
Hands Free! 


Theremin Synthesiser Kit MkIl 
KC-5475 £27.25 plus postage & packing 
The ever-popular Theremin is better than ever! 
From piercing shrieks to menacing growls, create 
your own eerie science fiction sound effects by 
simply moving your hand near the antenna. It's now 
easier to build with PCB-mounted switches and 
pots to reduce wiring to just the hand plate, 
speaker and antenna and has the addition of a skew 
control to vary the audio 
tone from distorted 

to clean. = 


iy 
aan, 


e PCB: 47 x 44mm 


ORE In, 
s <-) 


¢ Complete kit contains PCB “a % ‘ 
with overlay, pre-machined Mm, LEO 

case and all specified 
components aes 
e PCB: 85 x 145mm Peer | 


Starship Enterprise 
Door Sound Emulator 


KC-5423 £14.50 plus postage & packing 


This easy to build kit emulates the unique sound of 
a cabin door opening or closing on the Starship 
Enterprise. The sound can be 

triggered by switch contacts or 
even fitted to automatic doors. 


e Kit supplied with PCB with 
overlay, speaker, 
case and all specified 
components 

e 9-12VDC regulated 

e PCB: 84 x 148mm 


Flickering Flame Lighting 


KC-5234 £6.25 plus postage & packing 


This lighting effect uses a 
single 20 watt halogen 
lamp (the same as 
those used for 
domestic down 
lights) to mimic its’ 
namesake. Mounted 
on a compact PCB, it 
operates from 12VDC and 
uses just a handful of 


a 
for stage performances ‘ 
or for unique lighting 
effects at home. 


e Kit includes 20W halogen lamp 

e PCB plus electronic components 

e Includes ceramic base for halogen lamp 
e PCB: 38 x 58mm 


Digital Echo Chamber Kit 
A compact sound effects kit, with 
built-in mic or line in, line out or 
speaker (500mW). 4 Adjustment con- 


trols 
Power: 9Vdc 150mA 
MK182 Velleman kit 


£11.43 
"i 


3rd Brake Light Flasher Kit 
Works with any incandescent or LED 
rear centre brake light. Flashes at 
7Hz for 5 or 10 times, adjustable re- 
blagering: 

Power: 12Vdc max load 4A 


MK178 Velleman kit £6.30 4 


isse its & Ready mad 

Modules - See our web site for 
details on the whole range, 

Jata sheets, Software and more. 


www.esr.co.uk 
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Now Available - Cebek Modules 
All modules assembled & tested. 


Digital Record/Player 

Non volatile flas meee aug 20 
sec recording via integral mic, 2W 
output to 8Q speaker. 
Power: 5Vdc 100mA 


C-9701 Cebek Module £7.89 


Multifunction Up/Down Counter | 
An up or down counter via on-board 

button or ext input. Time dis oe fea- 
ture. Alarm count output. 0-999 dis- 


Bey. 
ower: 9-12Vdc 150mA 
ai 


S 


AI 


2 Digital Counter 

Standard counter, 0 to 99 from 

pint pulses or external signal. 
ith reset input, 13.5mm Displays, 

Power: 12Vdc 90mA. 


Digital Clock Mini Kit 

Red 7 Segment display in attractive 
enclosure, automatic time base selec- 
tion, battery back-up, 12 or 24Hr 
modes. 

Power: 9Vac or dc 


K8035 Vellemankit £17.85 / CD-9 Cebek Module £12.99 / 
m, (Nixie Clock Kit ( 1.8W Mono Amplifier 


Gas filled nixie tubes with their dis- 

tinctive orange glow. HH: iS- 
lay, automatic power sync 50/60Hz 
ower: 9-12Vac 300mA 


\K8099 Vellemankit £64.96 


MK151 Vellemankit £15.09 J) 
a 

Proximity Card Reader Kit > 
= : A simple security kit with many appli- 
. cations. RFID technology activates a 
= relay, either on/off or timed, Supplied 

with 2 cards, can be used with up to 25 

cards. Power: 9Vac or dc 


( Mini USB Interface Board 


New from Velleman this little inter- 
face module with 15 inputs/outputs 
inc digital & analogue in, PWM 
outputs. USB Powered 50mA, Soft- 
ware supplied 


Compact mono 1.8W RMS 40 
power stage, short circuit & re- 
verse polarity protection. 30- 

18kHz, Power: 4-14Vde 150mA 


\E-1 Cebek Module £5.87 | 
| i | | 20W 2 Channel Amplifier 


Mono amplifier with 2 channels (Low & 
plieli Meaney) 20W R Q per chan- 
nel, adjustable high level. 22-22kHz, 
short circuit & reverse polarity protection. 
) Power: 8-18Vdc 2A 


Powered by two subminiature mo- 
tors, this robot will run towards 
any Te source. Novel shape PCB 
with LED eyes. 

Power: 2 x AAA Batteries 


\MK 127 Velleman kit £9.02 


MK179 Vellemankit £14.25 / \_ VM167 Module £26.80 / E-14 Cebek Module £22.11 / 
( Running Microbug Kit i (Thermostat Mini Kit = (sw Stereo Amplifier ) 


General purpose low cost thermostat 

kit. +5 to +30°C Easily modified tem- 

Baalore range/min/max/hysteresis 
A Rela 

Power: {ovde 100mA 


\MK138 Velleman Kit 


£4.55 


Stereo power stage with 5W RMS 
4Q, 30-18kHz, short circuit & re- 
verse polarity protection. 

Power: 6-15Vdc 500mA 


\ES-2 Cebek Module £21.54 


y NX 


a 


200W Power Amplifier 

A high quality audio power amp, 
w music power @ 4Q 3-200kHz 

Available as a kit without heatsink 

or module including heatsink. 


“ a 


Velleman Function Generator 
PC Based USB controlled function 
enerator. 0.01Hz to 2Mhz Pre- 
efined & waveform editor. Software 
supplied. See web site for full feature 


a 


Va 


12Vdc Power Supply 
Single rail oauate power suppl 
complete with transformer. 130m 
max, low ripple, 12Vdc with adjust- 
ment. 


Plays MP3 files from an SD card, 
supports ID3 tag which can be dis- 
pees on optional LCD. Line & 
eadphone output. Remote control 
add-on. Power: 12Vdc 100mA 


\K8095 Velleman kit £39.99 


K8060 Velleman kit £12.85 list. 

Heatsink for kit £9.95 
L VM100 Module £38.54) \_ PCGU1000 Velleman £118.38 / \_ FE-103 Cebek Module £13.1 6) 
(MP3 Player Kit (Velleman PC Scope ‘a (1 -180 Second Timer 


PC Based USB controlled 2 channel 
60Mhz oscilloscope with spectrum 
analyser & Transient recorder. 
Scope probes & software included. 
See web site for full feature list. 


\PCSU1000 Velleman £249.00 / 


Universal timer with relay output. 
Time start upon power up or pus 
button. LED indication. 5A Relay 
Power: 12Vdc 60mA 


\l-1 Cebek Module £12.92 


DC to Pulse width Modulator a) 
A handy kit to accurately control DC 
lm motors etc. Overload & short circuit 
* protection. Input voltage 2.5-35Vdc, 
|» Max output 6.5A. 

Power: 8-35Vdc 


K8004 Velleman kit £9.95 


“J 


“a 


Velleman PC Scope Generator ) 
PC Based USB controlled 2 channel 
oscilloscope AND Function genera- 
tor. Software included. See web site 
for full feature list. 


PCSGU250 Velleman £11 3.67 / 


CyclicTimer 
Universal timer with relay output. 
Time start u on ROWEE U Gee 
¥ button. On & Off times 0.3-60 Sec- 
y onds, LED indication. 5A Relay 
Power: 12Vdc 80mA 


I-10 Cebek Module £14.12 / 


Suitable for use on 2, 4 or 8Q sys- 
tems. 


Audio Analyser Kit 
A small spectrum anager with LCD. 
300mW to 1200W(2Q) 20- 


E Remote Control Transmitter 


~ 


Single channel RF keyfob transmitter 
aa over 13,122 combinations. Certi- 
fied radio frequency 433.92MHz. 


Light Detector 

Adjustable light sensor operating 
a relay. Remote sensor & termi- 
nals for remote adjustment pot. 


20kHz Panel mounting, back-lit dis- Power: 12Vdc 2mA (inc) For use with 5A Rela 
play. Power: 12Vdc 75mA TL-1,2,3,4 receivers. Power: {ovde 60mA 
K8098 Velleman kit £31.65 TL-5 Cebek Module £14.64 _/) \-4Cebek Module £13.98 
USB DMxX Interface RF Remote Control Receiver _ Liquid Level Detector 


512 DMX Channels controlled by PC 
via USB. Software & case included. 
Available as a kit or ready assem- 
bled module. 


Single channel RF receiver with relay 
output. Auto or manual code setup. 
Momentary output, 3A relay 

Power: 12Vdc 60mA For use with TL-5 
or TL-6 transmitters. 


TL-1 Cebek Module £28.25 yy 


A liquid level operated relay. Re- 
mote sensor operates relay when 
in contact with a liquid. 5A Relay 
Power: 12Vdc 60mA 


a 


1-6 Cebek Module £13.08 / 


2 analogue outputs. Supplied with 
software. Available as a 


it or ready 
assembled module. 


K8055 Velleman kit £24.80 
VM110 Module £34.90 


K8062 Velleman kit £47.90 
VM116 Module £67.15 


USB Interface Board | 
= 5 in, 8 digital outputs, 2 in Le 


epee Access Control 
An electronic lock with up to ten 4 
e 


igit codes. Momentary or timed (1- 
60ec/1-60min) output. Relay 5A 
reve 12Vdc 100mA Keypad includ- 4 


A-03 Cebek Module £54.26 


Thermostat 

A temerature controlled relay, Ad- 
justable between -10 to 60°C Sen- 
sor on remote PCB. Connector for | 
external adjustment pot. 5A Relay 


Power: 12Vdc 60mA 


I-8 Cebek Module £12.80 


8 Channel USB Relay Board 
PC Controlled 16A relays with oer 
le, momentary or timed action. Test 
uttons included, available in a kit 
or assembled. 


K8090 Velleman kit £39.95 
VM8090 Module £58.40 


AC Motor Controller 


A 230Vac 375W motor speed con- , 
trol unit giving 33 to 98% of full - 
ower. 
Baas 230Vac 
ci 
R-8 Cebek Module £12.14 


Start / Stop Relay 
Simple_push button control of a 
relay. Either 1 or 2 button opera- 
tion 5A ou) 

Power: 12Vdc 60mA 


1-9 Cebek Module £12.83 


Station Road /) GD 
Cullercoats F 
Tyne & Wear 
NE3O 4PQ 


sales@esr.co.uk 


Prices Exclude Vat @20%. 
UK Carriage £2.50 (less than 1kg) 
iL a] £6.50 greater than 1lkg or >£30 
Cheques / Postal orders payable to 
& wei ESR Electronic Components Ltd. 
me _PLEASE ADD CARRIAGE & VAT TO ALL ORDERS 
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READERS’ TECHNICAL ENQUIRIES 

Email: techdept @ epemag.wimborne.co.uk 

We are unable to offer any advice on the use, purchase, 
repair or modification of commercial equipment or the 
incorporation or modification of designs published 
in the magazine. We regret that we cannot provide 
data or answer queries on articles or projects that are 
more than five years’ old. Letters requiring a personal 
reply must be accompanied by a stamped self- 
addressed envelope or a self-addressed envelope and 
international reply coupons. We are not able to answer 
technical queries on the phone. 


PROJECTS AND CIRCUITS 

All reasonable precautions are taken to ensure that 
the advice and data given to readers is reliable. We 
cannot, however, guarantee it and we cannot accept 
legal responsibility for it. 

A number of projects and circuits published in EPE 
employ voltages that can be lethal. You should not 
build, test, modify or renovate any item of mains- 
powered equipment unless you fully understand the 
safety aspects involved and you use an RCD adaptor. 


COMPONENT SUPPLIES 

We do not supply electronic components or kits for 
building the projects featured, these can be supplied 
by advertisers. 

We advise readers to check that all parts are still 
available before commencing any project in a back- 
dated issue. 


ADVERTISEMENTS 

Although the proprietors and staff of EVERYDAY 
PRACTICAL ELECTRONICS take reasonable 
precautions to protect the interests of readers by 
ensuring as far as practicable that advertisements are 
bona fide, the magazine and its publishers cannot give 
any undertakings in respect of statements or claims 
made by advertisers, whether these advertisements 
are printed as part of the magazine, or in inserts. 
The Publishers regret that under no circumstances 
will the magazine accept liability for non-receipt of 
goods ordered, or for late delivery, or for faults in 
manufacture. 


TRANSMITTERS/BUGS/TELEPHONE 
EQUIPMENT 

We advise readers that certain items of radio 
transmitting and telephone equipment which may 
be advertised in our pages cannot be legally used in 
the UK. Readers should check the law before buying 
any transmitting or telephone equipment, as a fine, 
confiscation of equipment and/or imprisonment can 
result from illegal use or ownership. The laws vary from 
country to country; readers should check local laws. 


Computing for the ‘common man’ 


An electronics celebrity came to town last month (town being Brighton 
for me) — a certain Steve from Apple attended a conference by the seaside. 
There was a time when the name ‘Steve’, in relation to Apple, meant 

two people. Of course one of them was (and still is) Steve Jobs, who has 
become one of the most famous people in the world of electronics and 
information technology. Apple, the company he co-founded, is the richest 
technology corporation in the world; the Apple brand is the world’s most 
valuable; and Jobs was voted CEO of the decade by Fortune magazine in 
2009. One of the ironies of this achievement is that Steve Jobs is not an 
engineer. He would be the first to admit that he hasn’t ‘engineered’ any of 
their products, but what he does have is a crystal clear vision of what he 
wants to produce and how to achieve it. 


The very first Apple product Jobs launched was the ‘Apple 1’ computer 

in 1976. However, it was designed and built by the other Steve, Steve 
Wozniak. Between them, the two Steves went on to lay the foundations 

of the modern Apple company. Although Wozniak left Apple in 1987, 
without his input and foresight about what a PC should be, it is doubtful 
that Apple could have got off the ground and computers would look 

very different today. I doubt if we’d still be stuck in the ‘command line 
prompt’ world of MS-DOS, but a big part of Microsoft’s initial impetus for 
moving to Windows came from the success of Apple’s early graphical user 
interface. 


Although never one for the limelight, engineer Steve is still an important 
figure in the history of PCs, so it is worth following his views on what 

the future holds for computing. One thing he has always been passionate 
about is spreading the use of computers for everyone. The earliest PCs 
were little more than kits of parts and a PCB. If you were lucky you got an 
assembled motherboard, but no case, no monitor and certainly no hard 
drive (programs were stored and loaded using compact cassette tapes). 
Things changed quickly and complete systems — at a price — were soon 
available, but you needed a fair amount of knowledge and perseverance to 
become PC literate. 


Contrast that with today, where modern systems easily play music and 
films, search the Internet, and a whole host of other activities. What 

is surprising though, is how similar many modern computers look to 
models 25 or more years old — a box, attached to a display, keyboard and 
mouse. Now, however, there is a completely new format in the shape of 
tablet computers, the most famous being the iPad from Apple. And what 
does pioneer Wozniak think of them? A quote from him caught my eye 
recently; speaking to engineers at a conference in California, he said: “The 
tablet is not necessarily for the people in this room. It’s for the normal 
people in the world.’ Which. is exactly the product both Steves set out to 
make 35 years ago. 


| 
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A roundup of the latest Everyday 
News from the world of 
electronics 


3D video on demand by Barry Fox 


he annual 


European press 

conference held to promote the 
IFA Electronics Show was again 
enlivened by the now traditional 
slanging match between the 
organisers of the September IFA 
show in Berlin and the January CES 
event in Las Vegas. But, also by 
tradition, the two shows never refer 
to each other by name. 

‘If there is one single piece of infor- 
mation I want you to take away from 
this event, it is that IFA is the number 
one show for the trade and media,’ Dr 
Christian Goke, CEO Messe Berlin told 
300 journalists flown in from around 
the world to sunny Alicante, Spain. 

‘Anyone who has already got that 
message is free to leave the room and 
go to the pool. But if you would like 
to stay, I will give good reasons why 
IFA is global number one, and the 
only place in the world for so many 
international retailers and media.’ 

‘We are number one in the world with 
stable and positive growth. This sets us 
apart from all other shows in the world.’ 


Several manufacturers were given 
20-minute slots to promote their 
electronic wares. Michael Zoller, 
Samsung’s European marketing di- 
rector was clearly under orders from 
his Korean bosses to try and cool the 
bitter dispute over active-shutter ver- 
sus passive-polarising 3DTV — while 
promoting Samsung’s continuing 
commitment to active shutter in the 
face of rival LG’s high profile criticism 
of active shuttering. 

This came as Toshiba followed 
Philips and quietly slid passive TV 
sets into its new TV range, to sell 
alongside the company’s existing 
active shutter sets. 

This summer, Samsung will launch 
a free 3D video on demand service, 
delivered direct by broadband to Sam- 
sung active shutter Internet TV sets. 
3D clips, trailers and ten Imax Theatre 
3D movies — each of 45 minutes length 
and as currently available on Blu-ray 
discs — will stream for free. 

To boost 3D sales, Samsung will start 
selling packs of two pairs of active 


shutter glasses, for 79 euros (approx 
£67). These glasses will use an RF 
connection, working on the 2.4GHz 
Bluetooth frequency and using pair- 
ing technology similar to, but not to 
quite the same standard, as Bluetooth. 
The glasses need only be push-button 
paired once with the TV, and then 
remain paired. 

Using RF avoids the problem of 
interference, which has plagued 
infrared active shutter connection, 
particularly in stores where retailers 
want to demonstrate several 3DTV 
sets and different brands in close 
proximity. The IR signals for one set 
can stop other sets’ glasses working. 

Zoller confirmed that all 2011 Sam- 
sung 3DTVs will use RF Bluetooth- 
style connection, and there is no 
compatibility between 2011 glasses 
and 2010 infrared sets. 

‘We are now 100% Bluetooth. Infra- 
red is finished’, he said. 

However, Samsung pledges to keep 
selling IR glasses for owners of exist- 
ing 3D sets. 


Arduino-compatible 32-bit microcontroller development platform 
First A Siti lite -Compatible™ 


icrochip has launched the first 

32-bit-microcontroller-based, 
open-source development platform 
that is compatible with Arduino 
hardware and software. Designed and 
manufactured by Digilent, a Microchip 
authorised design partner, the chipKIT 
platform is a 32-bit Arduino solution 
to enable hobbyists and academics to 
easily, and inexpensively, integrate 
electronics into their projects, even 
if they do not have an electronic- 
engineering background. 

The boards’ starting price is $26.95 
each. The platform consists of two 
PIC32-based development boards 
and open-source software that is 
fully compatible with the Arduino 


programming language and devel- 
opment environment. The chipKIT 
hardware is compatible with existing 
Arduino shields and applications, and 
can be developed using the Arduino 
IDE and existing resources, such as 
code examples, libraries, references 
and tutorials. The easy-to-use kit sup- 
ports project development in many 
disciplines, such as mechanical engi- 
neering, computer science and even art. 

The PIC32-based chipKIT boards en- 
able 80MHz performance, and provide 
up to 512KB Flash, with up to 128KB 
RAM. They feature connectivity pe- 
ripherals, including Ethernet, CAN, 
and USB (Full-Speed Host, Device 
and OTG), plus peripherals such as 


multiple timers, a 16-channel 1 MSPS 
Analogue-to-Digital Converter (ADC), 
two comparators, and multiple I2C, 
SPI, and UART interfaces. The chipKIT 
integrates Microchip’s PIC32 microcon- 
troller which is the highest perform- 
ance 32-bit microcontroller in its class. 
A ChipKIT video demo is available 
at: www.microchip.com/get/D268 
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WORLD RECORD 


esearchers at the Karlsruhe 
Institute of Technology (KIT) 
have succeeded in encoding data at a 
rate of 26 terabits per second (26,000 
billion bits per second) on a single 
laser beam, transmitting them over a 
distance of 50km, and decoding them 
successfully. This is the largest data 
volume ever transported on a laser 
beam. The process developed by KIT 
allows the contents of 700 DVDs to 
be transmitted in just one second. 
With this experiment, the KIT sci- 
entists in the team of Professor Jiirg 
Leuthold beat their own record in 
high-speed data transmission of 2010, 
when they exceeded the 10 TB/s barrier. 
‘Our result shows that physical limits 
have not yet been exceeded, even at 


ntel has announced a significant 
breakthrough in the evolution of 
the transistor, the building block 
of modern electronics. For the first 
time since the invention of silicon 
transistors over 50 years ago, 
transistors using a three-dimensional 
structure will be put into high-volume 
manufacturing. Intel will introduce 
a revolutionary 3D transistor design 
called ‘Tri-Gate’, first disclosed 
by Intel in 2002, into high-volume 
manufacturing at the 22nm level. 
The three-dimensional Tri-Gate tran- 
sistors represent a fundamental depar- 
ture from the two-dimensional planar 
transistor structure that has powered 
not only all computers, mobile phones 
and consumer electronics to date, but 
also the electronic controls within cars, 
spacecraft, household appliances, 
medical devices and thousands of other 
everyday devices for decades. 
Tri-Gate transistors enable chips to 
operate at lower voltage with lower 
leakage, providing an unprecedented 
combination of improved performance 
and energy efficiency compared to 


very high data rates’, Leuthold says. 

‘A few years ago, data rates of 26 tera- 
bits per second were deemed Utopian, 
even for systems with many lasers... 
and there would not have been many 
applications. With 26 terabits per sec- 
ond, it would have been possible to 
transmit up to 400 million telephone 
calls at the same time. Nobody needed 
this at that time. Today, the situation 
is different. Video transmissions pre- 
dominate on the Internet and require 
extremely high bit rates. 

Companies and scientists from all 
over Europe were involved in the 
experimental implementation of ultra- 
rapid data transmission at KIT. Among 
them were members of the University 
of Southampton. 


Intel's 22nm 3D Tri-Gate Transistor 


previous state-of-the-art transistors. 
The capabilities give chip designers 
the flexibility to choose transistors tar- 
geted for low power or high perform- 
ance, depending on the application. 

These new transistors provide up 
to 37% performance increase at low 
voltage versus Intel’s 32nm planar 
transistors. This gain means that they 
are ideal for use in small handheld 
devices, which operate using less 
energy to ‘switch’ — less than half 
the power when at the same perform- 
ance level as 2D planar transistors on 
32nm chips. 


New evaluation kit for Sensirion’s differential pressure sensors 
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K-P3isanevaluation kit from Swiss 
CMOS-based sensor manufacturer 
Sensirion. It is a straightforward and 
cost-effective option for testing their 
digital differential pressure sensors. 
The set consists of a USB stick that 
is connected to the SDP610 sensor by 
an adapter cable. Software available 
online enables a PC to display the 
data or save it to a spreadsheet. The 
sensors have a digital (12C) output 
signal and provide excellent accuracy 
and sensitivity. For more information, 
see: www.sensirion.com/ekp3 


Competition time! 


couple of competitions that will 
be of interest to EPE readers who 
have 4 creative streak... 


Picture Bletchley Park 

Bletchley Park, Milton Keynes, once a 
top-secret institution where all photog- 
raphy was banned, is now welcoming 
photographers with open arms to take 
part in its inaugural ‘Picture Bletchley 
Park’ photographic competition. 

The prestigious board of judges in- 
cludes Kate Day, communities editor 
for telegraph.co.uk, who is also well 
known for her blogs about photogra- 
phy and Damien Demolder, editor of 
the magazine, Amateur Photographer. 

The competition is open to everyone, 
regardless of experience. Participants 
may submit photographs of any aspect 
of Bletchley Park, from the buildings 
and the army of staff and volunteers 
who work there, to its priceless his- 
toric collections and lovely gardens. 

The winners will feature in Bletch- 
ley Park’s official 2012 calendar, with 
the photograph by the overall winner 
featuring on the front cover. The 13 
winning entries, along with 25 runners 
up, will also be displayed at Bletchley 
Park during the ‘Picture This’ event 
on 2 October, where the winners will 
each be presented with a framed copy 
of their entry. 

To enter, or for more information and 
rules, go to: www.bparkcomp.org.uk. 


Pylon design competition 

Love them or hate them, the great 
British pylon is an unmistakable part 
of the landscape. The current ‘iconic’ 
design is essentially 80 years old and 
has been a constant since the birth of 
the national grid. 


Make your mark by redesigning the pylon! 

If you fancy a change from designing 
amplifiers or PIC projects then why not 
enter the ‘Pylon design competition’ 
run by RIBA? (www.ribapylondesign. 
com) It’s an opportunity to get involved 
with enormous currents and voltages 
by designing a new generation of py- 
lons. Potential pylon aficionados can 
gain inspiration from Flash Bristow’s 
pylon-themed website at: www.gorge. 
org/pylons, and if you are really keen 
then why not join the Pylon Apprecia- 
tion Society at: www.pylons.org. 
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By RJOHINEGEARIKE 


This versatile Active Filter is ideal for use as an active crossover 
in loudspeaker systems, but has lots of other uses as well. It can be 
configured as a low-pass filter (for driving sub-woofer amplifiers), 
as a high-pass filter or as a bandpass filter, simply by moving a few 


on-board jumper links. 


CTIVE filters are used in many 

analogue circuits to tailor the 
frequency response. For example, an 
active filter could be used to prevent 
signals below 20Hz from passing 
through to the next stage (eg, to an 
amplifier). In this case, the filter al- 
lows the higher audio frequencies to 
pass through, but blocks the sub-audio 
signals (including DC). 

This type of filter is called a ‘high- 
pass’ (HP) filter. Ifan HP filter is incor- 
porated into an audio amplifier, it will 
prevent the woofer in a loudspeaker 
system from being driven at very low 
frequencies. In fact, it could be used 
as a turntable rumble filter to followa 
magnetic cartridge preamplifier. 
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Preventing a loudspeaker from be- 
ing driven at very low frequencies 
is important because such frequen- 
cies would cause audible distortion 
in the sound due to excessive cone 
movement. In addition, excessive 
cone movement at or below the loud- 
speaker’s resonance frequency could 
damage the loudspeaker. 

Similarly, an active filter could also 
be used to limit signals above 20kHz. 
This will prevent supersonic signals 
from driving the loudspeaker and 
protect the tweeter(s) from damage. 
This type of filter is called a low-pass 
(LP) filter; it allows frequencies below 
a certain frequency to pass through, 
but blocks higher frequencies. 


Bandpass filter 
Cascading a high-pass filter and a 
low-pass filter produces a bandpass 
filter. So, ifa 20Hz high-pass filter and 
a 20kHz low-pass filter are cascaded, 
we end up with a bandpass ranging 
from 20Hz to 20kHz. This means that 
the signal is attenuated both below 
20Hz and above 20kHz, while those 
frequencies between 20Hz and 20kHz 
are basically left unattenuated. 

However, some attenuation (or re- 
duction in level) does occur as the 
signal frequency approaches 20Hz and 
20kHz, ie, near the so-called corner or 
‘roll-off frequencies. 

Additional filters can also be used 
to split the 20Hz to 20kHz audio 
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Fig.1: a single power amplifier is usually used to drive a 
passive crossover network in a loudspeaker box. 


frequency range into separate fre- 
quency ranges or bands. This might 
be done to produce a 2-way or 3-way 
active crossover for two or three driv- 
ers in a loudspeaker system. 

In greater detail, many loudspeaker 
systems include woofer, midrange and 
tweeter drivers in the same box — see 
Fig.1. This is called a 3-way system, 
while a 2-way system includes just a 
woofer and a tweeter. 

The separate drivers are used be- 
cause no single driver can faithfully 
reproduce the whole audible range 
from 20Hz to 20kHz. So the audio band 
of frequencies is divided up and each 
driver is fed with its own ‘ideal’ range 
of frequencies. In a 3-way system, for 
example, the woofer could be provided 
with signals ranging from 20Hz to say 
150Hz, while the midrange would 
handle signals ranging from 150Hz to 
2kHz. The tweeter would then cover 
the remainder of the audio range, ie, 
from 2kHz to 20kHz. 


Passive crossovers 

In most loudspeaker systems, the in- 
coming audio signal is divided into 
separate frequency bands using pas- 
sive filters. These ‘crossover filters’ are 
located inside the loudspeaker box it- 
self, and are made up using inductors, 
capacitors and resistors. 

A well-designed crossover network 
gives outputs to match the particular 
drivers used. This ensures that each 
driver (ie, woofer, midrange and 
tweeter) is fed only with a frequency 
band it can effectively reproduce. In 
addition, the design must cater for 
drivers that have different sensitivities 
and set the signal levels to achieve an 
overall flat frequency response. 


Everyday Practical Electronics, July 2011 


) — ACTIVE FILTERS — 4 


For example, the woofer is often 
less sensitive than the midrange driver 
and tweeter, and so the signals to the 
latter drivers must be reduced so that 
the output levels from the three driv- 
ers are well matched. This does waste 
amplifier power, however. 

Another problem to contend with is 
non-linearity in the driver impedances. 
Extra components are often used in the 
crossover network to correct this, so 
that the filter appears to drive a purely 
resistive load. As aresult, the crossover 
networks in high-performance speaker 
systems are often complex and can be 
difficult to design and optimise. 

They also interpose a complex RLC 
network between the amplifier and 
the speakers, which can mean a loss 
of damping factor. This particularly 
affects the lower frequencies, where a 
high damping factor is most needed to 
achieve tight, clean bass and midrange 
reproduction. 

As shown in Fig.1, a single power 
amplifier usually drives the passive 


Specifications 


Fig.2: the arrangement for an active crossover filter system. 
The filters go before the power amplifiers and a separate 
amplifier is required for each loudspeaker driver. 


crossover network in a loudspeaker 
system. However, some loudspeaker 
systems provide additional connec- 
tions so that each driver can either 
be driven independently by its own 
amplifier (via its passive filter) or by 
a single amplifier, but with separate 
wiring to each passive filter section. 


Active crossovers 
Active crossovers are an alternative to 
passive filtering. However, for this to 
work, a separate amplifier is required 
for each driver — see Fig.2. For a stereo 
system, that means six (mono) power 
amplifiers (or three stereo amplifiers) 
to drive 3-way loudspeakers or four 
amplifiers for 2-way loudspeakers. 
As shown in Fig.2, the crossover filter- 
ing is now placed ahead of each amplifier 
to set the frequency band applied to its 
driver. There are two advantages to this 
scheme: (1) better control of the driver 
and (2) the inductive load presented 
by the driver does not affect the filter 
response (as it does in a passive system). 


Voltage gain: adjustable from 0-2; typically set at 1 


Frequency response: filter dependent 


Filter attenuation slope: 24dB/octave or 80dB/decade 
Total harmonic distortion (THD): typically 0.003% at 1V RMS 


Signal-to-noise ratio (SNR): >100dB with respect to 1V input and 
22Hz to 22kHz unweighted 


Input impedance: 47kQ 


Supply Voltage: +15V to + 60V DC dual rail supply, or +12V to 30V DC 


single rail supply, or 11V to 48V AC 


Current Consumption: 40mA maximum 


Ll 
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Fig.3: block diagram of the Multi-Function Active Filter. The low-pass and high- 
pass filter stages each consist of two cascaded op amps. The unit is configured 
by installing jumper links on the pins of the ‘selection matrix’. 


So, our Multi-Function Active Filter 
module is designed to be used ahead 
of each amplifier. Basically, you need 
to build and configure one module for 
each driver (and amplifier) in the sys- 
tem. For a woofer, the module would 
be configured as a low-pass (LP) filter, 
while a bandpass (BP) filter would be 
used ahead of the midrange amplifier. 
The tweeter driver amplifier would 
have a high-pass (HP) filter ahead of it. 


Supply options 

In operation, the Multi-Function Ac- 
tive Filter would typically be powered 
from the supply rails of the amplifier. 
Options are available to power the 
module from supply rails ranging from 
+60V down to +15V, or from an 11V 
to 43V AC source. 

The filter can also be powered froma 
single supply rail, such as +25V, +15V 
or +12V. The 12V option enables it to 
be used in cars. 

On-board jumper links are used to 
configure the module for LP, BP or 


AMPLITUDE CUTOFF 
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FREQUENCY 


TRANSITION 
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HP operation. The roll-off frequencies 
are set by selecting the appropriate 
resistor and capacitor values in the 
filter feedback networks. These filter 
component calculations are made easy 
by using freely available software from 
the Internet. 


Block diagram 
The block diagram of the Multi-Function 
Active Filter (minus the power supply) 
is shown in Fig.3. It uses an input buffer 
stage (IC1a), four op amps to form the 
filter stages ([C2a, IC2b and IC3a, IC3b) 
and an output amplifier stage (IC1b) 

IC1a is configured with a gain of one 
and can be connected to drive either 
the HP or LP filter stages, depending 
on the jumper options on the ‘Selec- 
tion Matrix’ block. If we want an HP 
filter, then terminal ‘IN’ is connected 
to ‘HPin’ on the matrix block. Alterna- 
tively, for an LP filter, ‘IN’ is connected 
to terminal ‘LPin’. 

As shown, the high-pass filter uses 
two 2-pole HP filters based on IC2a and 


CUTOFF 


ROLLOFF 


TRANSITION 
BAND 


LOW PASS (LP) 


IC2b. These are connected in series (or 
‘cascaded’). Similarly, the low-pass 
filter stage consists of 2-pole LP filters, 
based on IC3a and IC3b. 

The response for an HP filter and the 
way the filter response is described, 
is shown in Fig.4a. As indicated, the 
region where frequencies pass through 
unattenuated is called the passband. 
Below the cutoff frequency, the re- 
sponse begins to roll off (or is reduced) 
in level. This roll-off region is called 
the stopband. 

An LP filter is similar, except that it 
allows low-frequency signals to pass 
through, and blocks signals above 
the cutoff point (Fig.4b). Finally, the 
bandpass filter rolls off both the low 
and high-frequency signals, and the 
pass band is between the high-pass 
and low-pass cutoff frequencies 
(Fig.4c). 


Roll-off slope 

Note that the signal is not fully at- 
tenuated at the cutoff points, but 
instead gradually decreases at a rate 
determined by the roll-off slope. In 
this case, each 2-pole filter stage has 
a roll off of 40dB per decade or 12dB 
per octave. However, because the 
filter stages are cascaded, this roll- 
off increases to 80dB per decade, or 
24dB per octave, and the signal level 
is actually 6dB down at the cutoff 
(crossover) points. 

For a high-pass filter, the output 
from IC2b is fed through to level con- 
trol VR1 by connecting point ‘HPout’ 
to ‘OUT? in the selection matrix. Al- 
ternatively, for a low-pass filter, the 
output of IC3b at ‘LPout’ is connected 
to the ‘OUT’ terminal. 


HIGH PASS LOW PASS 


ROLLOFF 
SLOPE 


ROLLOFF 
SLOPE 


(©) BAND PASS (BP) 


Fig.4: the high-pass filter (A), low-pass filter (B) and bandpass filter (C) response characteristics. Because the op amp 
filter stages are cascaded, the rolloff slope in each case is 24dB per octave and the signal is actually 6dB down at the 
cutoff (crossover) points. 


Everyday Practical Electronics, July 2011 


Amplifiers For A 


HE AUDIO AMPLIFIER 

requirements for active 
crossover loudspeaker 
systems depend on the 
power handling rating 
for each loudspeak- 
er. Typically, a 
woofer (or sub- 
woofer) ampli- 
fier should have 
twice the power of 
the midrange and treble 
amplifiers. For example, a 100W 


range and treble drivers. 


Bandpass filter connections 
Bandpass filtering is achieved by 
cascading the high-pass and low-pass 
filter stages; ie, by connecting the out- 
put of the high-pass stages to the input 
of the low-pass stages, or vice versa. 
However, it is normal to feed the signal 
to an HP filter first, and then use this 
to drive the LP filter, rather than plac- 
ing the LP filter first. This will result 
in less noise due to the final low-pass 
filtering. 

However, you can connect the LP fil- 
ters first if that’s what you want to do. 

Normally, to configure a bandpass 
filter, the signal is first fed to HP filter 
stage IC2a by linking ‘IN’ to ‘HPin’. The 
output from IC2b is then fed to the input 
of low-pass stage IC3a by connecting 
‘HPout’ to ‘LPin’ in the Selection Ma- 
trix. The resulting bandpass filtered 
signal at the output of IC3b is then fed 
to VR1 by connecting ‘LPout’ to ‘OUT’. 


Level control 
The signal on VR1’s wiper is fed to IC1b. 
This is configured as a non-inverting 
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Grossover Systems — 


power amplifier could be used for the 
woofer, and 50W amplifiers used for the mid- 


One problem is that the output from a preamplifier will only have a single 
RCA phono output for each left and right channel. However, you will need to 
connect the preamp signal to two or three active filters, depending on how 
many drivers are in the loudspeaker. 


This problem is easily overcome by using an RCA phono Plug to 2 x RCA 
phono Socket, such as the Jaycar Cat. PA-3560. Two such adaptors will be 
required for each channel if you want to drive three active filter modules (ie, 
if you have a 3-way loudspeaker system). 

Alternatively, you could use RCA phono plug-to-plug leads, with piggyback 
RCA phono sockets (eg, Jaycar WA-7090/1/2/3) or you could make up your 
own 2-way or 3-way phono socket panels. 


amplifier with a gain of two. As aresult, 
VR1 can be adjusted to vary the signal 
at its output between zero and x2. This 
level adjustment allows the sound 
levels from the woofer, midrange and 
tweeter drivers to be adjusted when 
multiple filter modules are used. 

By the way, the recommended de- 
sign for each 2-pole stage is for a But- 
terworth response. When connected 
in series, the result of cascading two 
Butterworth filters is a Linkwitz-Riley 
(L-R) response. 

This is ideal because at the crosso- 
ver region, where one filter takes 
over from another, the overall L-R 
frequency response is flat. Note that 
the HP and LP filters must be set to 
the same crossover frequency for this 
to happen. 

As indicated previously, the Multi- 
Function Active Filter board can only 
produce a single LP, HP or BP filter 
output. This means that it can only 
provide a signal to one loudspeaker 
driver — it is not designed to provide 
two (or more) outputs. 


Rantsmibist 


1 PC board, code 812, available 
from the EPE PCB Service, 
size 123mm xX 68mm 

1 UBS-size plastic case, 130mm 
x 68mm xX 44mm (optional) 

1 3-way PC-mount screw terminal 
block, 5.08mm pin spacing 

4 8-pin DIP IC sockets 

1 3-way DIL pin header, with 
2.54mm pin spacings 

2 3-way SIL pin headers, with 
2.54mm pin spacings 

5 jumper plugs, to suit pin 
headers 

1 100mm length of 0.8mm tinned 
copper wire or four 0Q links 

4 PC stakes 


Semiconductors 

3 LM833 dual op amps (IC1 to IC3) 

1 TLO71, LF351 single op amp 
(IC4) 

2 1N4744 15V 1W Zener diodes 
(ZD1 ,ZD2) 

2 1N4004 1A 400V diodes 
(D1,D2) 


Capacitors 

2 470uF 16V PC electrolytic 

1 100uF 16V PC electrolytic 

2 4.7uF non-polarised (NP) 
electrolytic 

2 100nF MKT polyester 

1 10nF MKT polyester 

1 220pF ceramic 

C1,C2,C3 to suit application (use 

MKT polyester) (See text and 

tables) 


Resistors (0.25W, 1%) 
1 47kQ 2 1500 
4 10kQ 3 10Q 


Ra, Rb, R1, R2 and R3 to suit power 
supply and filter type (use 1% 0.25W 
for R1, R2 and R93) (see text / tables) 


This in turn means that if you want 
to separate LP, BP and HP filter outputs, 
then three filter modules must be built 
(or six for a stereo system). Basically, 
a different filter is required for each 
amplifier, and each can be installed 
inside its associated amplifier’s case. 

The inputs of the various active filter 
modules are then all driven in parallel 
by the preamplifier. 


Circuit details 


OK, let’s now take a look at the full 
circuit details — see Fig.7. It comprises 
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Fig.5: this screen grab shows the frequency response for the low-pass filter 
configuration with a nominal corner frequency of 1kHz. The attenuation slope 


is 24dB per octave. 


Awe Prec PUL Ae 


corner frequency of 1kHz. Once again, the attenuation slope is 24dB per octave. 


three dual op amps (IC1 to IC3) plus 
a single op amp (IC4) in the power 
supply section. 

The first thing to note here is that the 
designations for the op amps used in 
the input buffer, filter and output stages 
match those shown on the block diagram 
of Fig.3. So, if you’ve followed the de- 
scription for Fig.3, understanding how 
the full circuit works should be a snack. 

As shown, the incoming audio signal 
is applied to unity-gain buffer stage IC1a 
via a 4.7uF non-polarised capacitor and 
a 10Q stopper resistor. The capacitor is 
there to block any DC voltage, while 
the stopper resistor blocks any stray RF 
signals that may have been picked up 
by the leads. 

ICia is biased to Earth 2 via the 
associated 47kQ resistor. This earth 
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is at OV for plus and minus supply 
rails and at half-supply (0.5Vcc) for a 
single supply. 

IC1a’s output is fed to either HP filter 
IC2a or to LP filter IC3a, depending 
on the input jumper location in the 
Selection Matrix. This works exactly 
as indicated previously in the descrip- 
tion for the block diagram (Fig.3). 

Both the high-pass and low-pass 
filter stages (IC2a, IC2b, IC3a and 
IC3b) use a multiple feedback (MFB) 
2-pole arrangement. This was used in 
preference to the unity-gain Sallen- 
Key style of filter because the MFB 
response is less affected by component 
value variations due to manufacturing 
tolerances. 

Note that 10Q stopper resistors are 
included in series with the HP filter 


inputs. This is done in each case to 
prevent instability (oscillation) in the 
preceding stage. IC2a’s output is fed 
to the second HP filter stage IC2b (ie, 
the stages are cascaded), while IC3a 
drives the second LP filter stage IC3b. 

For an HP filter, IC2b’s output is fed 
to level potentiometer VR1 by link- 
ing ‘HPout’ to ‘OUT’ in the Selection 
Matrix. Alternatively, for an LP filter, 
the output from IC3b is connected 
to level potentiometer VR1 using a 
jumper to link ‘LPout’ to ‘OUT’. Again, 
this functions exactly as described for 
block diagram Fig.3. 

Finally, fora bandpass arrangement, 
HP filter IC2b’s output is fed to LP filter 
IC3a via a jumper link between ‘HPout’ 
and ‘LPin’. IC3b’s output is then fed to 
VR1 via a jumper link between ‘LPout’ 
and ‘Out’. 


Minimising noise 
As stated earlier, the signal from IC1a 
is normally fed to the HP filter stages 
first (“IN’ linked to ‘HPin’), so that 
the LP filter stages can then minimise 
noise. Alternatively, the LP stages can 
be placed first by linking ‘IN’ to ‘LPin’, 
‘LPout’ to ‘HPin’ and ‘HPout’ to ‘OUT’. 
The resulting audio signal on VR1’s 
wiper is fed directly to the non-invert- 
ing input (pin 5) of IC1b. As previously 
stated, this amplifier has a gain of 2, 
but this gain reduces to 1 for frequen- 
cies above 72kHz due to the 220pF 
capacitor across the feedback resistor. 
ICib’s output appears at pin 7, and is 
coupled to the output terminals via a 
150Q isolating resistor and a4.7uF NP 
(non-polarised) capacitor and 1500 
isolating resistor. 


Power Supply 

In operation, the Multi-Function Ac- 
tive Filter would typically be powered 
from the supply rails of the amplifier. 
As stated previously, options are avail- 
able to power the module from dual 
DC supply rails or from an AC source. 

The unit can also be powered from a 
single supply rail, such as +25V, +15V 
or +12V. The 12V option enables it to 
be used in a car. 

In summary, the three options for 
powering the module are as follows: 
1) A dual-rail (plus and minus) supply 

of between +15V and +60V (this 

connects to the ‘+’ and ‘—’ supply 
inputs of the terminal block) 

2) A single DC supply rail, ranging 
from 12V to 60V (this connects 
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Constructional 


SUPPLIES: LK1=1, LK2=1 
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Fig.8: follow this parts layout diagram to build the PC board. The various tables 
show the values for resistors Ra and Rb and for the filter components (R1-R3 
and C1-C2), while the linking options for the selection matrix are shown on the 
right. Links LK1 and LK2 go in position 1 for a dual-rail supply (or for an AC 
supply), but must be moved to position 2 for a single-rail supply. 


between the ‘+’ and ‘OV’ supply 

inputs) 

3) An AC supply, ranging from 12-43V 
AC (here, the ‘+’ and ‘—’ inputs are 
tied together and the AC supply 
is connected between these com- 
moned inputs and the OV input). 
In the case of a dual supply, di- 

odes D1 and D2 (1N4004) protect 

the circuit against reverse polarity 
connection. Zener diodes ZD1 and 

ZD2 then regulate the supply to 

provide +15V rails, which are then 

used to power op amps IC1 to IC3. 

Two 470uF capacitors decouple the 

+15V supply rails. 

Resistors Ra and Rb are used to limit 
the current into ZD1 and ZD2. The 
values of these two resistors depend 
on the input voltage (see Table 3 for 
the required values). 
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Project 


In addition, for a dual supply, Earth 
1 and Earth 2 are connected together 
by installing jumper link LK2 in posi- 
tion 1 (LK1 must also be in position 
1 or left out). With no signal, this sets 
op amps IC1, IC2 and IC3 so that their 
outputs sit at OV. 

For a single supply, IC1 to IC3 need 
to be biased at half-supply so that the 
signal can swing symmetrically with- 
out clipping. This half-supply rail is 
provided by op amp IC4. As shown, 
a half-supply voltage is derived using 
two 10kQ resistors in series across the 
positive supply rail. This is decou- 
pled by a 100uF capacitor and then 
buffered by IC4 to drive Earth 2 when 
LK2 is in the ‘2’ position. 

In addition, for a single supply, 
the negative supply pins for IC1 to 
IC3 are connected to the OV supply 


4-Band Code (1%) 

yellow violet orange brown 
brown green orange brown 
brown orange orange brown 
brown red orange brown 
brown black orange brown 
blue red red brown 

green blue red brown 
yellow violet red brown 
brown green brown brown 
brown black black brown 


SINGLE SUPPLY: LK1=2, LK2=2 


HPin (a ] LPout 
IN [=] a] OUT 
LPin [i] =) HPout 


SIGNAL INPUT 


GND 


GND 


SIGNAL OUTPUT 


HPin| [ @} LPout 
IN Bg OUT 
LPin |= Lj HPout 
HIGH PASS 
FILTER 


LOW PASS 


FILTER FILTER 


rail by placing link LK1 in posi- 
tion 2. 

Note that when LK2 is in position 
2, the half-supply output from IC4 
is bypassed to earth (OV) via a 10nF 
capacitor. This prevents oscillation in 
the filter op amps. The 150Q resistor 
at pin 6 of IC4 isolates the op amp’s 
output from the capacitance in the 
shielded output leads. 

Finally, for an AC supply, diodes D1 
and D2 function as half-wave rectifiers 
to derive positive and negative supply 
rails. The circuit then functions exactly 
the same as for a dual-rail DC supply. 


Construction 

All parts for the Multi-Function Active 
Filter are mounted ona single-sided PC 
board, coded 812, measuring 123mm x 
63mm. This board is available from the 


fablemEEResistomGolourmGodes, 


5-Band Code (1%) 

yellow violet black red brown 
brown green black red brown 
brown orange black red brown 
brown red black red brown 
brown black black red brown 
blue red black brown brown 
green blue black brown brown 
yellow violet black brown brown 
brown green black black brown 
brown black black gold brown 
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Link IN to LPin; 


Link IN to HPin; 
Link LPout to OUT I 


Table 2: Filter type configuration 


Link HPout to OUT 


Link IN to HPin; Link HPout to LPin; 
Link LPout to OUT 


Table 8: Power supply configuration 


Input Voltage 


Links 


| Ra | RD 


+15VDC, 11VAC 100 0.5W 100 0.5W LK1 position 1, LK2 position 1 


3900 5W 
2700 5W 


100 1/2W 


+30VDC, 20VAC 3902 5W 3902 5W LK1 position 1, LK2 position 1 
+25VDC, 18VAC 2700 5W 270 5W LK1 position 1, LK2 position 1 


+20VDC, 15VAC 1200 1W 1200 1W LK1 position 1, LK2 position 1 


LK1 position 2, LK2 position 2 
LK1 position 2, LK2 position 2 


LK1 position 2, LK2 position 2 


1200 1W | NA LK1 position 2, LK2 position 2 


100 1/2W 


EPE PCB Service. The board can either 
be housed inside a UB3-size plastic 
case, measuring 130mm x 68mm x 
44mm, or installed within an ampli- 
fier case. Note that corner cutouts will 
be required if mounting the board in 
the specified case, to clear the integral 
mounting posts. 

Fig.8 shows the parts layout on the 
PC board. However, before starting 
the assembly, you have to decide on 
the power supply to be used, the type 
of filter arrangement and the cutoff 
frequency. 
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LK1 position 2, LK2 position 2 


Table 3 shows the resistors (Ra and 
Rb) required for various power supply 
voltages, plus the LK1 and LK2 linking 
options. The filter component values 
are selected from Table 4 and Table 5 
(see also the panel titled ‘Calculating 
The Filter Component Values’). 

Note that for the single supply op- 
tion, Rb, D2, ZD2 and C5 can be omit- 
ted. However, it does not matter if they 
are installed. Alternatively, for a dual 
rail supply option, IC4, R4, R5 and C6 
are not required. Note also that either 
5W or 0.5W resistors can be used for 


it's USB or Ethernet. 


LED matrixes........ 
keyboard matrixes.......... 


Using The FilterPro Software From TI 
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Fig.9: this is how FilterPro should look when set up to calculate values for a 
low-pass 2-pole Butterworth filter. 


Two other responses are also shown on 
the graph: the phase response and the group 
delay. The phase response plots the phase 
variations in the filter output as a function 
of frequency. By contrast, the group delay 
shows the slope (or rate of change) in the 
phase response, and is ideal for displaying 
the filter response to a pulse signal. 

Several different filter types can also 
be selected — ie, Bessel, Butterworth and 
Chebychev. Each has a different ‘Q’ value 
and so the filter response differs from one 
to the other. 

Each filter type has its own advantages 
and disadvantages. For example, a Bessel 
filter has a Q of 0.577 (1/V3) and has a 
smooth but drooping amplitude response 
across the passband. It has very little pulse 
response overshoot and its roll off is not as 
steep as for a Butterworth filter. 

Butterworth filters have a ‘Q’ of 0.7071 
(1/2) and have the flattest possible 
(maximally flat) amplitude response in the 
passband and a moderate pulse response 
rise (or overshoot) at the cutoff frequency. 

A Chebychev filter has a higher Q again. 


The first step here is to download the 
2.848MB zipped file (available from http: 
//tocus.ti.com/docs/toolsw/folders/print/ 
filterpro.html) and run the FilterProSetup. 
exe file. That done, navigate to C:\Pro- 
gramFiles\Ti Analog Design Centre\ 
Filteroro and create a shortcut on your 
desktop for FilterPro.exe 


When you launch FilterPro, the program 
will show a screen with a graph, the filter 
circuit and various settings (see Fig.9). The 
graph shows the frequency response of the 
filter using an amplitude versus frequency 
plot. The actual rolloff can be seen, as well 
as any excursions in the response across 
the passband or at the cutoff frequency. 


This filter has ripple in the passband, 
a steeper cutoff rate and higher pulse 
response overshoot compared to the two 
lower Q filters. The Q value depends on the 
amount of ripple that can be tolerated and is 
0.956 for a 1dB passband ripple and 0.863 
for a 0.5dB passband ripple. 

A filter with a ‘Q’ of 0.5 is critically 


Calculating The Filter Gomponent Values 


HOOSING THE CROSSOVER FREQUENCIES for loudspeaker drivers 

requires careful consideration. You will need the data sheet for each 
driver in order to make a decision as to where the crossover frequency should 
lie. Ideally, the crossover frequency should be well away from the driver's 
resonance frequency and the adjacent drivers should be a good match to 
ensure a smooth frequency response across the audio band. 


Many books have been written on the subject and a good reference is 
‘The Loudspeaker Speaker Design Cookbook’ by Vance Dickason. This 
is available from Jaycar, Cat. BA-1400. 


Once you have decided on the crossover frequencies, the filter component 
values can be calculated. Table 4 and Table 5 show the recommended values 
for a range of common frequencies. 


For other frequencies, you can download software off the net to make the 
calculations easier. Our recommendation is to use ‘Filter Pro’ from Texas 
Instruments. You can download it from http://focus.ti.com/docs/toolsw/ 
folders/print/filterpro.html 


If this site becomes unavailable, do a search for ‘TI filter software’ or for 
‘FilterPro’. Information on how to use FilterPro and other useful information 
on filters is available at http://focus.ti.com/lit/an/sbfa001a/sbfa001 a. pdf 


An alternative on-line program is also available from Okawa Electric — see 
the section entitled ‘Using the FilterPro Software From TI’. 
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damped and shows no pulse response 
overshoot. The Bessel, Butterworth, and 
Chebychev filters are all under-damped and 
so each show some degree of overshoot in 
its response. An over-damped filter would 
have a ‘Q’ of less than 0.5. 


Butterworth filters 


For audio work, the best compromise filter 
type is the Butterworth, especially when 
two filters are cascaded, as in our Multi- 
Function Active Filter. So, in FilterPro, select 


Ra and Rb, as the PC board accepts 
both types. 

For an LP filter only, there is no 
need to install the HP components. 
These include IC2, Ria, R2a, C1a, 
C2a; C3a,- Rib; R2b, Gib;..C2b and 
C3b. The two 10Q stopper resistors 
can also be left out (but not the one 
on pin 3 of IC1a). 

Similarly, for an HP filter only, you 
can leave out LP components IC3, R1c, 
R2c; Rae, Cie, G2¢e, Rid. R2d, Rad, 
C1d and C2d. 
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Fig.10: the low-pass filter design software from Okawa Electric shows the circuit 
values and filter responses in a similar way to FilterPro. A high-pass filter design 
tool is also available from Okawa Electric — see text. 


‘Butterworth’ as the filter type and select 
‘2’ for the number of poles. The circuit type 
should be setto ‘MFB single ended’ and the set 
display value should be ‘component values’. 

For components, select ‘E24’ series for 
the resistors and either ‘E6’ or ‘E12’ for the 
capacitors (these ‘E’ series values select 
the number of values available in a decade 
range). The relevant resistor and capacitor 
values will then be calculated, based on 
readily available components. 

Note: some component suppliers may 
not have the full E12 capacitor series. In 


Board assembly 
Start the assembly by carefully in- 
specting the board for any defects 
in the copper tracks, then install 
the four wire links. Alternatively, 
OQ resistors can be used instead of 
the wire links. These look similar to 
a 0.25W resistor, but have just one 
single black band around the centre 
of the body. 

Next, install four PC stakes at the in- 
put and output positions, then install 
the resistors and trimpot VR1. Table 
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that case, a recalculation may have to be 
made using the E6 series instead if using 
the E12 series gives components values 
that are unavailable. 

The next step is to enter the cutoff 
frequency, select either LP or HP and then 
click on an unused section of the screen to 
start calculating the values. 

Note that the circuit for the multiple 
feedback 2-pole filter shows the values for 
a single 2-pole filter section. These same 
values are also used in the second 2-pole fil- 
ter stage of the Multi-Function Active Filter. 


1 shows the resistor colour codes, but 
a digital multimeter (DMM) should 
also be used to check values, just to 
make sure. 

Follow these with the diodes, 
Zener diodes and the ICs. These 
parts must all be installed with the 
correct orientation. Note that IC4 is 
a different type to IC1, IC2 and IC3, 
so don’t get it mixed up. We used IC 
sockets for the ICs and these sockets 
also have an orientation notch at one 
end — see Fig.8. 


FilterPro provides values for the resistors 
and capacitors using R1, R2 and R3 and C1, 
C2 and C3 component designations. These 
are easily equated with the component des- 
ignations on the circuit diagram (Fig.7) and 
parts layout diagram (Fig.8). Note: the a, b,c 
and d designations on Fig.7 are there simply 
to distinguish one filter circuit from another. 


Bandpass filter 


A bandpass filter is made by designing two 
separate cascaded HP and LP circuits. For 
example, if you want a bandpass filter with 
roll offs at 5|00Hz and 2kHz, you simply use 
FilterPro to design independent 500Hz high- 
pass and 2kHz low-pass stages. 

Do not select a bandpass design in 
FilterPro — the calculations are not ap- 
plicable to the Multi-Function Active Filter 
module described here. 


Alternative software 


If you want to use an alternative program 
to FilterPro, or if you want to check the 
predicted response of your filter using the 
values given by FilterPro, a good online 
program is one from Okawa Electric. For 
the low-pass filter, go to http://sim.okawa- 
denshi.jp/en/OPtazyuLowkeisan.htm For 
the high-pass filter navigate to http://sim. 
okawa-denshi.jp/en/OPtazyuHikeisan.htm 

These sites not only allow you to calcu- 
late filter components, but also allow you to 
input component values. The program will 
then show the actual cutoff frequency, filter 
Q and other features. These calculations can 
sometimes give a better result (ie, closer 
to the required Q and cutoff frequency) 
than FilterPro. 

Note, however, that the R1, R2, R3, C1, 
C2 and C3 labelling is a little different to 
that of the FilterPro and our circuit, so make 
sure you transpose the labelling correctly. 
Also, do not forget to tick the Q value field at 
0.707 rather than using the ticked damping 
ratio field of 1 for the calculation. 


The electrolytic capacitors are next 
on the list and these must also be 
oriented correctly. The only excep- 
tions here are the two 4.7uF NP (non- 
polarised) types which can go in either 
way around. 

Once these parts are in, install the 
two 3-way SIL (single in-line) headers 
for links LK1 and LK2. The two jump- 
ers can then be fitted to these headers. 
They both go in position 1 fora dual-rail 
supply (or if you are using an AC sup- 
ply) — see Table 3. 


ie 


Constructional Proj oct 


Table 4: fligh-pass filter component values (Butterworth response) 


Fees ne) CAEN) | HEE ERC | [AE 
ee ee ee 
p120Hz | 150nF (154) | 150m (154) | 100nF (104) |KO |TKO 
| 150Hz | 100nF (104) | 100m (104) | = 100nF (104) | 2K] BK 
| 200Hz | BF (683) | SBF (683) |S 100nF (104) | 20K |TKO 
P 800Hz | AF (473) | ATF (473) | 8 (683) | 20K |TKO 
| 500H2 | 88 (333)— | 88 (333) | 88 (333) | 20K |KO 
pK | (153) | SF (153) | SMF (153) | 2K |KO 
| A5KHZ | On (103) | On (103) | On (103) | 2k |KO 
| kHz | 6.8 nF (6n8) (682) |= 6.8 nF (68) (682) | On (103) | 20K |TKO 
| akHz | 6. 8nF (6n8) (682) |. 8nF (6n8) (682) —|_—6.8nF (6n8) (682) | 20K |TKO 
| SkHz | 3.3m (3n3) (332) | 3.3m (3n3) (332) | 3.3nF (3n3) (332) | 20K |KO 
| 1OkHz | 1.5mF (15) (152) | 1.5m (15) (152) | 1.5mF (1n5) (152) | 22K |KO 
| 20kHz | 8p (681) | = BOpF (681) =| nF (102) | 20k |TKO 


Table &: Low-pass filter component values (Butterworth response) oe 
position 2 if you intend using a single 


Frequency | R1 | R2 | R3_ | Ct (IEC Code) (EIA Code) | C2 (IEC Code) (EIA Code) |} rail supply. 
| S0Hz | 56k | 5.6ko | 12k0 | 150n (154) | AF (105) |The selection matrix requires a 3-way 
| 100H2 | 5.6k0 | 5.62 | 15ko | Gan (683) | TON (474) |. Wena’ Inline) pan neater and ts 
u w bei —i in ju 
| 120K | 4.7ko | 47k | 12ko | 68nF (683) | ATONF (474) | icf oftrimpot VR1. Once it’s in, in- 
| 150H2 | 5.6k0 | 5.6K | 13kQ | 47nF (473) | 880nF (334) | stall the jumpers on this header to select 
| 200Hz | 6.2kO | 6.2k0 | 15kQ | 33nF (33) | 220nF (224) your filter type (ie, LP, HP or bandpass). 
| 800Hz | 6.2k0 | 6.2kO | 13kQ | 22nF (223) | 150nF (154) | ~=s The assembly can now be completed 
| 5O0HZ | 5.6k0 | 5.6kO | 12k | 15n(153)_— | 100nF (104) | by installing the 3-way terminal block. 
| tkHz | 5.60 | 5.6kO | 15k | _ 6.8nF (6n8) (682) 
[15kHe | 5.640 | 5.640 | 13K | 4.7nF (an?) (472) ah a aaa ae 
pplying power, check that the 
| 2kHz | 6.2k0 | 6.2k0 | 15kQ | 3.3nF (3n3) (332) supply link options are correct (see 
| 8kHz | 6.2kQ | 6.2kO | 13kQ | 2.2nF (2n2) (222) Table 3) and that the correct values 
| 5KHz | 5.6kQ | 5.6kQ | 12kQ | 1.5m (15) (152) have been installed for resistors Ra and 
ott 5. [Sako | 1540.) 600F (81) | —ATaF nT 472) _] 8. Checkalsothat you've installed tho 
T 20kKHz | 6.2kQ | 6.2kQ | 15kQ | -330pF (331) _—=s 2.2nF (2n2) (222) correct link options for the filter type. 


Next, connect one probe of your 
DMM to the OV supply input, apply 
power and use the other probe to meas- 
ure the supply voltages on the ICs. For 
a dual (+) or AC supply arrangement, 
check that there is +15V on pin 8 of 
IC1 to IC4. Similarly, there should be 
—15V on pin 4 of IC1 to IC3, while pin 
4 of IC4 (if installed) should be at OV. 

For the single supply arrangement, 
check for +15V on pin 8 of ICs1-3 
and on pin 7 of IC4 (if installed). 
Note that the measured voltage 
will be lower if the supply voltage 

is less than 15V. Pin 6 of IC4 should 
be at half-supply (eg, 7.5V for a 15V 
supply). EPE 


| Reproduced by arrangement 
Be sure to choose the correct filter component values when building the PC board with SILICON CHIP 


— see Tables 4 and 5. In this case, the board has been configured as a high-pass magazine 2011. 
filter, and is set up to accept dual supply rails. www.siliconchip.com.au 
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Wing Be Step Ste 
Development Kit 
JS Jew iteTae 
PICIOF KE MEUSs 


is offering readers the chance to win a com- 
plete development kit for engineers wishing to add CAN (Control Area Network) communication 
to their designs. 


The kit features the recently announced PIC18F ‘K80’ 8-bit CAN microcontrollers (MCUs). They feature 
1.8V to 5.5V operation and eXtreme Low Power (XLP) technology, for the industry’s lowest sleep cur- 
rent consumption of less than 20nA. The kits include a PIC18 Explorer Board (DM183032), plus plug in 
modules of the 44-pin PIC18F46K80 MCU (MA180031), and the 64-pin PIC18F66K80 (MA180032). For 
CAN implementation and evaluation, Microchip’s CAN/LIN PICtail™ (Plus) Daughter Board (AC164130- 
2), will also be included. 


The new ‘K80’ MCUs also feature an on-chip 12-bit analogue-to-digital converter (ADC) and a pe- 
ripheral which enables mTouch™ capacitive touch-sensing user interfaces. The new MCUs are ideal 
for automotive applications, such as body control modules, lighting, door/seat/steering/window and 
HVAC controls; automation applications such as elevators and escalators, lighting, sensors and air 
conditioning controls; as well as industrial applications, including security systems, alarm controls 
and remote monitors. 


The closing date for this offer is 30 August 2011 


For your chance to win a Development Kit, visit www.microchip-comps.com/epe-can 


Constructional Project 


F YOU want to hang pictures, 
| Eee or mirrors on a plaster 

wall in a steel-framed building 
it is useful to find where the metal 
studs are. 

You may wish to secure your screws 
to the stud or alternatively, you may 
wish to avoid the stud and attach di- 
rectly to the plaster wall using suitable 
fasteners. There are also other hidden 
items within the wall that should be 
located before drilling, such as metal 
bracing straps, screws and nails. 


Metal locator 


With the Metal Locator you can find 
the metal stud positions as well as 


22 


AS 


any steel bracing, screw heads and 
nails. That is, provided the metal is 
no deeper than 25mm inside the wall. 
For small nails in wooden studs, it can 
detect them provided that the heads 
are within 10mm of the wall surface. 
Naturally, this device does not locate 
the timber studs themselves, nor can 
it find steel frames in walls that have 
a cladding thicker than 25mm (a very 
unusual wall, especially inside). Nor 
can it detect power cables inside walls. 

The Metal Locator can distinguish 
between ferrous and non-ferrous met- 
als. Ferrous metals include mild steel, 


Specifications 
Detection range: up to 25mm from the 


underside of the case 
Current drain: <20mA with LED fully lit 


past 


Ideal for finding 
steel frames 

and studs, steel 
bracing and nails 
in plaster walls, 
this Metal Locator 
can also show the 
length of the tang 
in knife handles, 
screwdrivers and 
other tools. Plus, it 
can discriminate 
between ferrous 
and non-ferrous 
metals. 


By JOHN CLARKE 


stainless steel (both magnetic and non- 
magnetic), wrought iron, high tensile 
steel, galvanised iron, tin-plated steel 
(steel cans or tinplate), passivated 
steels and cast iron. Non-ferrous met- 
als include copper, brass, zinc, alu- 
minium, gold, silver, lead and tin. 

In the presence of ferrous metals, the 
LED on the Metal Locator dims. Con- 
versely, the LED brightens in the pres- 
ence of non-ferrous metal. For ferrous 
metals, the sensitivity knob is adjusted 
so that the LED is reasonably bright in 
the absence of the metal. The LED then 
dims in the presence of ferrous metal. 

To detect non-ferrous metals, the 
sensitivity is adjusted so that the LED 
is dim in the absence of the metal. The 
LED will then brighten in the presence 
of the non-ferrous metal. Greater sen- 
sitivity can be had with the LED just 
glowing in the absence of metal for 
detection of either metal type. 
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Fig.1: the block diagram has the same functionality as the circuit below. 


The Metal Locator is housed in a 
compact plastic case that includes a9V 
battery compartment. On the lid are the 
on/off switch, sensitivity control and 
the indicating LED. 


How it works 

The block diagram of the Metal Loca- 
tor is shown in Fig.1. It is based on 
an astable oscillator controlled by the 
detector coil, L1. The oscillation fre- 
quency changes with the presence of 
metal. For ferrous metals, the frequency 
decreases, while for non-ferrous metals 
the frequency increases. 

The oscillator’s output is fed to a 
frequency-to-voltage converter. Small 
frequency changes are then detected 
as voltage changes that can easily be 


+ 


10 pF 


I apJust Wi 
N 


i OFFSET 


OSCILLATOR 


INDUCTOR L1: 400 TURNS OF 0.25mm ENAMELLED 
COPPERWIRE ON 20.5mm OD BOBBIN 


METAL LOCATOR 


Fig.2: the Metal Locator circuit is based on two low-cost ICs and a handful of other cheap components. 
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FREQUENCY-TO-VOLTAGE CONVERTER 


amplified before driving the LED. The 
LED brightness varies with a change in 
frequency from the oscillator. 

An offset adjustment using VR1 
allows the LED brightness to be set at 
a very low level to brighten with non- 
ferrous metals. The LED can be set at 
a higher level to detect ferrous metals 
where the LED begins to dim. 

The buffer stage (IC2b) between 
the offset control and the amplifier 
is there to ensure there is no gain 
change with adjustment of potenti- 
ometer VR1. 


Circuit details 

The full circuit diagram in Fig.2 is 
based on just two ICs. One is a CMOS 
version of the 555 timer (IC1) and the 


C2 
DISCHARGE 


AMPLIFIER 


D1,D2: 1N 4148 
a 
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other is a general-purpose LM358 dual 
op amp (IC2a and IC2b). 

IC1 operates as an unconventional 
astable oscillator. To explain how it 
works, we will compare it to a conven- 
tional 555 astable oscillator, as shown 
in Fig.3. This has resistor R1 between 
its output at pin 3 and both the trigger 
and threshold inputs at pins 2 and 6. 
Capacitor Cx is connected between pin 
2, pin 6 and ground. 

Initially, when power is first applied, 
the capacitor is discharged and the 
trigger input at pin 2 is at OV. At this 
stage, the timer is triggered and the 
output at pin 3 goes high to equal the 
positive supply rail voltage. 

The capacitor now charges via R1. 
When the capacitor charges to the pin 
6 threshold voltage (2/3 supply), the 
pin 3 output goes low (to OV) and the 
capacitor now discharges via R1. When 
the capacitor voltage discharges to the 
trigger level voltage at pin 2 at 1/3 the 
supply, the pin 3 output goes high again 
to recharge the Cx capacitor. The proc- 
ess continues, and so pin 3 produces a 
square wave output with the frequency 
determined by R1 and Cx. 

In the circuit of Fig.2, we substitute 
inductor L1 for R1 and R1 (470Q) for 
capacitor Cx. It now operates as follows. 


S1 POWER 


REG1 78L05 
ON 


+1, 100 pF 


l 16V 


D3 
1N 4004 
A 


IC1, IC2 


LED DRIVER 


BC337 78L05 
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SQUARE WAVE 
OUTPUT 


Fig.3: here’s a ‘traditional’ 555 
oscillator circuit with the frequency 
determined by R,; and Cy. But as 
you can see in Fig.2, it’s possible to 
substitute an inductor and resistor 
to make it oscillate. 


At the instant of power being applied, 
inductor L1 is effectively a high imped- 
ance and resistor R1 pulls the pin 2 input 
below the 1/3 supply threshold to trigger 
the pin 3 output to go high. 

Current then begins to flow through 
L1 and R1. As the currentrises, the volt- 
age across R1 increases until it reaches 
the 2/3 supply voltage threshold. This 
changes the state of the oscillator so that 
pin 3 goes low. The current through L1 
does not change direction, but ramps 
down until the voltage across R1 drops 
below the 1/3 supply threshold to retrig- 
ger the timer and pin 3 goes high again. 


Oscillator frequency 
The frequency is dependent upon the 
inductance of L1 and the resistance of 


Most readers know that stud finders 
are cheaply available from hardware 
outlets and even from bargain 
stores. They often have three 
functions: stud, nail and power. 
While they are cheap and 
readily available, they can give 
misleading results when 
looking for screws or metal 
studs in walls. 
Nor can they dis- 
Criminate between 
ferrous and non- 
ferrous metals 
and their sensi- 
tivity cannot be 
adjusted. 
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And here’s the 
proof! The top 
trace is the 
waveform at pin 
3, while the green 
trace shows the 


waveform at pin 6. 
The waveform at 
pin 6 is the voltage 
across R1, and 
this shows that the 
current through 
R1 does not 
reverse; it merely 
varies between 
about 3.5mA and 
7mA. Note the 
spikes generated 
each time the 555 


wed Cece Abode 
changes state. te at 


R1 (which is fixed at 470Q). Inductor 
L1 is an air-cored coil of wire. If metal 
comes Close to this coil its inductance 
will change and this will alter the 
frequency of oscillation. For ferrous 
metals, the inductance will increase 
and the frequency of oscillation will 
fall. For non-ferrous metal, the induct- 
ance will decrease and the oscillation 
frequency will increase. The frequency 
is around 94kHz and changes by up to 
2kHz with metal near the coil. 

The output from IC1 is fed to a diode 
pump comprising capacitors C1 and 
C2, preset VR2 and diodes D1 and D2. 
It functions as a frequency-to-voltage 
converter by dint of the size of C1, 
which is fairly small at only 10nF. This 
means that the DC voltage developed 
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across C2 will vary as the frequency 
varies; it will be higher as the frequency 
increases and this allows the circuit 
to discriminate between ferrous and 
non-ferrous metals as the apparent 
inductance of L1 is changed. 

The DC voltage across C2 is ampli- 
fied by op amp IC2a. This has a gain 
of about 470 (471 to be precise), set 
by the 1kQ and 470k feedback re- 
sistors. IC2a is buffered by transistor 
Q1 to provide a higher current drive 
for LED 1, 


Offset control 

Op amp IC2a has an offset control (VR1) 
to enable adjustment of the LED bright- 
ness. In effect, the operating point of 
IC2a can be shifted up or down by vary- 
ing the voltage applied to its inverting 
input. The varying voltage comes from 
IC2b, a unity-gain buffer that is fed by 
the wiper (moving contact) of the 1kO 
potentiometer VR1. Combined with 
the 180kQ divider resistors, the range 
amounts to about 14mV. 

The buffer stage of IC2b ensures the 
gain of IC2a is kept at 471 and is not 
affected by the resistance at the wiper 
of VR1. Any voltage change in VR1 is 
amplified in IC2a by 471, so the 14mV 
variation allows the IC2a output to be 
shifted over its full output range, from 
very Close to OV up to about 3.5V. 

This adjustment allows the LED to be 
set at the required brightness for metal 
detection. In effect, VR1 operates as a 
sensitivity control for the circuit. 

Trimpot VR2 provides a further range 
of adjustment. For optimum operation 
of VR1, VR2 is adjusted so the volt- 
age at TP1 is at about half supply, or 
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Constructional 


9V BATTERY 


Fig.4 (top): 
the component 
layout for the Metal 

Locator, with the 
same-size photo prior 
to mounting in the 

; | case at left. Note the 
"| electrolytic capacitors 
need to be mounted 
folded over so they 
are flat on the PC 
board. 


+2.5V. This matches the nominal 2.5V 
available from the wiper of VR1 at its 
centre position. 

The circuit is powered from 5V, 


capacitor at the supply rails for IC2. IC1 
has a 100nF supply bypass capacitor. 


Construction 


derived from a 9V battery and a 5V 
regulator (REG1). Diode D3 prevents 
damage to the 100uF capacitor and the 
5V regulator if the battery is connected 
the wrong way around. The 5V supply 
is decoupled with a 10uF capacitor 
at REG1’s output and another 10uF 


Construction involves mounting all 
parts, except coil L1, on a single PC 
board. This is coded 810, measures 
78mm x 64mm and is housed in a re- 
mote control case measuring 135mm x 
70mm x 24mm. This board is available 
from the EPE PCB Service. 


The handles on some kitchen knives are unsafe because they have a very 
short tang. The Metal Locator can show just how long the metal tang goes 
into the handle of a kitchen knife or screwdriver. Many professional knives 
have the tang extending the whole length of the handle, and this tang can be 
seen running between the two handle sections that are riveted to the outside 
of the tang. 


But some low cost knives only have a tang that enters part way into a 
plastic moulded handle. They can even have imitation rivets along the handle 
to give the impression that the tang runs along the whole handle length. A 
short tang means that if a large amount of stress is applied to the handle 
when using the knife it is liable to break. This can be dangerous, especially 
when doing heavy work such as cutting up pumpkins. Make sure you use a 
knife that is safe for the job. 
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The component overlay diagram is 
shown in Fig.4. Begin construction 
by checking the PC board for shorted 
tracks or breaks in the copper. Check 
the hole sizes as well. The corner 
mounting holes should be 3.5mm (9/64 
inch) diameter, as can the two holes to 
anchor the battery snap leads with the 
cable tie. Power switch S1 also mounts 
on the board — before assembly, check 
that its holes are large enough and if 
not, enlarge slightly. 

Now you can begin the assembly. 
Install the seven resistors first. We show 
their colour codes in a table, but it is a 
good idea to also check the values using 
a digital multimeter before installing 
each onto the PC board. Make sure you 
don’t mix up the side-by-side 4700 and 
470kQ resistors. Doing so may not let 
any smoke out, but it certainly won’t 
work when completed. 

Next, install the five PC solder stakes 
for VR1, the two stakes to terminate 
inductor L1 and the two stakes for test 
points TP1 and TP GND. Install diodes 
D1 to D3 and take care to orient these 
correctly. IC1 and IC2 can now be 
installed, making sure that the 7555 
timer is placed in the IC1 position and 
LM358 in IC2. Each IC must be oriented 
with the notch as shown on the overlay 
diagram. You might find some ICs don’t 
have a notch, but will have a small 
dimple marking pin 1. 

Transistor Q1 and voltage regulator 
REG1 can now be installed, but make 
sure each is placed correctly, as they 
look very similar to each other. 

Next, LED1 can be installed, again 
taking care to get the orientation cor- 
rect. The top of the LED should be 
15mm above the PC board. The ca- 
pacitors can also be installed. The three 
electrolytic types need to be oriented 
with the polarity shown, but they also 
need to lie down to provide clearance 
in the box — see photo above. 

Trimpot VR2 can be installed either 
way around. Switch S1 is mounted 
as high as possible on the PC board, 
but with about 1mm of pin length 
under the PC board to allow soldering. 
Screw terminal block CON1 can now 
be installed. 

Cut the shaft of the 1kQ potentiome- 
ter (VR1) to a length of 12mm. VR1 
sits vertically with its back on the PC 
board surface and is secured in place 
by soldering the potentiometer case to 
the associated PC stakes. To be certain 
solder will adhere to the surface, the 
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Constructional Project 


1 PC board, code 810, available 
from the EPE PCB Service, 
size 78mm xX 64mm 

1 remote control case 135mm 
x 70mm x 24mm (Jaycar HB 
5610 or equivalent) 

1 front panel label 50mm x 
115mm 

1 9V battery, with clip and leads 

1 DPDT PC mount slider switch ($1) 

1 coil bobbin 20.5mm OD x 
138mm ID x 10.5mm high 

1 13m length of 0.25mm 
enamelled copper wire 

1 knob to suit potentiometer 

1 2-way screw terminal with 
5.08mm pin spacing 

4 T0-220 insulating bushes (used 
as spacers) 

4 M3 x 4mm screws 

1 20mm diameter x 12mm heat- 
shrink tubing 

1 100mm cable tie 

9 PC stakes 


Semiconductors 

1 7555, LMC555CN CMOS timer 
(IC1) 

1 LM358 dual op amp (IC2) 

1 78L05 three terminal 5V 
low-power regulator (REG1) 

1 BC337 NPN transistor (Q1) 

1 1N4004 1A diode (D3) 

2 1N4148 signal diodes (D1,D2) 

1 3mm high brightness red LED 
(LED1) 


Capacitors 

1 100uF 16V PC electrolytic 
2 10uF 16V PC electrolytic 
2 100nF MKT polyester 

1 10nF MKT polyester 


Resistors (1% 0.25W) 

1 470kQ 2 180kQ 

2 4702 | eke 

1 1kQ linear 16mm potentiometer 
(VR1) 

1 10kQ 25-turn top-adjust trimpot 
(8296W type) (VR2) 


1 1kQ 


No. Value 
470kQ 


4-Band Code (1%) 


180kQ 
1kO 
470Q 
100 


brown black red brown 
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yellow violet yellow brown 
brown grey yellow brown 


yellow violet brown brown 
brown black black brown 


ar a 


Here’s the completed PC board 
screwed into the plastic ‘remote 
control’ case. The coil is not attached 
to the PC board - it is glued in place 
to the case in the cutout provided in 
the PC board. 


passivated coating on the pot case 
must be removed by scraping with a 
knife or file where the PC stakes are 
positioned. The potentiometer ter- 
minals are soldered to the remaining 
three PC stakes. 

The 9V battery leads pass through 
one of the battery compartment holes 
in the plastic case before inserting them 
into the screw terminals. A cable tie 
secures the wires in position. 

The PC board is raised by about 
1mm by placing a TO-220 bush into 
each mounting hole from the un- 
derside of the PC board. This raises 
the PC board sufficiently so that the 


5-Band Code (1%) 

yellow violet black orange brown 
brown grey black orange brown 
brown black black brown brown 
yellow violet black black brown 
brown black black gold brown 


| Non-ferrous met 


S Adjust for paitral LED[hrightness | 
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This full-size front panel artwork 
fits into the recess on the top of the 
remote control case. 


switch slider is above the top of the 
case lid. 

Secure the PC board to the case with 
four M3 screws that go into the integral 
support bushes of the case. 


Winding the inductor 

Inductor L1 is wound with 400 turns 
of 0.25mm enamelled copper wire on 
a plastic bobbin. The windings are 
jumble wound. This means windings 
do not have to be placed neatly side- 
by-side, layer-by-layer. 

The winding is held in place with a 
12mm length of 20mm heatshrink tub- 
ing over the outside of the bobbin. There 
is no need to shrink the tubing down. 

The bobbin is secured to the base of 
the case in the cut-out area reserved 
for it at the front of the PC board. We 
used silicone sealant to glue the bob- 
bin in place. 

Scrape off the enamel coating on each 
wire end with some fine grade abrasive 
paper and then solder them to the two 
PC stake terminals — it doesn’t matter 
which way around. 
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A close-up of the coil (L1). It’s about 400 
turns of wire on a plastic bobbin. 


Test and set-up 

Apply power and check that there is 5V 
between TP GND and pin 4 and pin 8 of 
IC1, and 5V between TP GND and pin 
8 of IC2. Depending on the regulator, 
the voltage could be anywhere between 
4.85 and 5.15V. 

Connect your multimeter between 
TP GND and TP1 and adjust trimpot 
VR2 for a reading of about 2.5V. Now 
set VR1 to its centre position and adjust 
VR2 until the LED just lights. 


Using it 

When the Metal Locator is first 
switched on and the LED is adjusted 
so that it glows dimly, there is a start 
up drift over about 10 seconds. During 
this period, the adjustment will have 
to be altered to track the change in 
LED brightness. It is best to wait for 
the warm up period before using the 
Metal Locator. 

The sensitive area is directly under 
the target printed on the top side of the 
case (which, of course, lines up with 
the middle of coil L1). So, for detecting 
metal in a plaster wall, the case is slid 
over the wall to detect a change in the 
LED brightness. 

The adjust knob will need to be set 
to show some LED brightness in the 
absence of metal objects. The sensi- 
tivity to metal is dependent on this 
adjustment. 

If the LED brightness is set too high 
then there will not be a noticeable 
change in brightness with the unit in 
proximity to a metallic object. 

The LED will dim for ferrous and 
brighten fornon-ferrous metals. EPE 


Reproduced by arrangement 
with SILICON CHIP 
magazine 2011. 
www.siliconchip.com.au 
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THE NEW PICOSCOPE 3000 SERIES 


Constructional 


pico 
Technology 


PicoScope® 3000 Series 


THE HIGHEST-PERFORMANCE USB-POWERED OSCILLOSCOPES AVAILABLE 


Power and portability. Why compromise? 


200 MHz bandwidth 
HUGE 128 MS buffer size 
500 MS/s real-time sampling 
10 GS/s repetitive sampling 
Advanced digital triggers 
200 MHz spectrum analyzer 
Built-in function generator/AWG 


USB-connected and powered 
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128 MSample buffer 
memory 
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200 MHz spectrum Arbitrary waveform 
analyzer generator 


High-end features as standard. Why compromise? 


www.picotech.com/scope3108 
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Technotalk 


The electronics of 


earthquakes 


Mark Nelson 


The law of unexpected consequences certainly applies to earthquakes. Mark reports on 
some of the odd discoveries following the disastrous seismic activity in New Zealand. 


ERE in Britain, we can feel 
grateful that we do not suffer the 
kind of dreadful earthquakes and 
tsunamis that New Zealand and Japan 
have been suffering. Actually, we do, 
but they occur extremely infrequently 
and on a smaller scale. Nevertheless, in 
January 1607, the land around the Bristol 
Channel was inundated by what Prof. 
Simon Haslett of Bath Spa University 
states was a tsunami. 

Accounts tell of ‘huge and mighty 
hills of water’ advancing ‘faster than a 
greyhound can run’ that swept away 
villages and drowned more than 2000 
people. The book Earthquake in England 
by John Thomas records numerous 
historical earthquakes in Britain too, 
including one in 1938 that even rocked 
Broadcasting House in London and the 
television tower at Alexandra Palace. 


Humour in Christchurch 

Last September’s earthquake in New 
Zealand was the most damaging in 80 
years and many home and _ business 
owners have had to come to terms 
with the fact that there will be no 
compensation for ‘loss of value’, and 
it may not be possible to insure new 
buildings. Rent and mortgages still have 
to be paid on useless buildings. 

Our practical _—_—electronicist in 
Christchurch has retained his sense 
of humour and reports that a woman, 
who thought she was doing the right 
thing, rang her electric power supplier 
to disconnect the supply because she 
thought it might be hazardous. She was 
told that they would have to read the 
meter and that there would be a $40 
charge. 

No problem with that she told them, 
although she was a bit put out by having 
to pay for a meter reading. ‘You'll find 
the meter under a ton of rubble.’ 


Spooky stuff 
Our New Zealand friend continues that 
several people reported seeing blue 
or blue-green lights in the sky shortly 
before the quake struck. A National 
Geographic television programme aired 
earlier this year stated that lights in the 
sky were reported before the big Kobe 
earthquake of 1995 — the biggest to hit 
Japan for 47 years — and have also been 
reported in Peru prior to large quakes. 
Here we move into one of the 
strangest and more _ controversial 
electronic phenomena. The popular 
name for these apparitions is ‘earth 
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(or earthquake) lights’, which are 
seemingly electromagnetic. Observed 
only by night and close to the ground, 
they take on glowing, polymorphous 
forms, the result of seismic pressures 
associated with the constantly rising 
and falling tectonic stress in the earth’s 
crust, creating plasma electricity above 
the ground. 

It has to be admitted that earth 
lights are a fringe science, rather like 
UFOs, and attract a lot of interest 
from non-scientific people who revel 
in the mysterious and unexplained. 
The International Earthlight Alliance 
(IEA) is an organisation of technical 
professionals (scientists and engineers) 
who are dedicated to the scientific 
investigation of earth lights. Their 
website explains that glowing balls of 
light have been reported far back into 
history. 

Until recently, stories and _ obser- 
vations of lights from all over the world 
were considered superstitious lore, 
scientists writing them off. In the last 
25 years, however, the development of 
high speed film and low-light digital 
photography have enabled observers 
to document the existence of these 
glowing lights as a valid physical 
phenomenon. 


How they work 

What is it that causes the air to glow 
at certain locations? Does it require a 
large amount of energy either below or 
above the ground? Could this energy 
be harnessed as an alternative energy 
source? Could a better understanding 
of the mechanism of the lights give an 
insight into earthquake forecasting? 

It’s hard to tell, but some sightings 
obviously have explainable causes, such 
as vehicle or aircraft lights, fires and 
marsh gas. One of the most plausible 
explanations suggests the lights come 
from strain building up in the earth’s 
crust through various processes, such as 
tectonic activity, tidal action and human 
activity, dams and reservoirs. 

Dr. Michael Persinger and Dr. 
John Derr have both hypothesised 
that strain fields within the earth’s 
crust may produce electromagnetic 
discharges that can manifest by 
becoming visible as a moving body 
of light. The geophysicist Marsha 
Adams has observed fluctuations 
in extremely low frequency (ELF) 
electromagnetic emissions prior to 
earthquakes. 


Reports of light observations have 
been made over a large radius from the 
epicentre of large earthquakes before they 
occur, although not in all seismically 
active areas. Moreover, these lights are 
also seen in areas of low seismic activity, 
meaning that the strain theory is not a 
universal explanation. 


Another theory 

Volcanic activity is at the root 
of another explanation. Many 
observations of earth lights have been 
made around volcanoes, for instance 
in Mexico. It is suggested that ultra 
low frequency (ULF) electromagnetic 
waves may trigger a process that 
causes light. 

Significant anomalous changes in 
the ULF range (around 0.01Hz) have 
been recorded in both geoelectric 
and geomagnetic fields before 
major volcano-seismic activity. One 
hypothesis is that these anomalous 
electromagnetic discharges may 
trigger a process that causes a visible 
moving body of light, similar to the 
tectonic strain theory. 


Earth lights in the UK 
Do earth lights occur in the UK? 
Paul Devereux, who coined the term 
in 1982, is convinced they do. In an 
article he cites numerous historical 
reports, although the majority appear 
to relate to marsh gas or ball lightning. 
On the other hand, Harlech (which 
is adjacent to one of Britain’s most 
active seismic zones) was, in 1984, the 
epicentre of a significant earthquake 
that measured 5.5 on the Richter scale. 
A resident told Devereux that he saw, 
the evening before the quake, a brilliant 
white light the size of a small car float 
in from the sea and dissolve in sand 
dunes. Other reports from Harlech are 
recounted in the online article. 
Unfortunately there appear to be 
few opportunities for electronics enth- 
usiasts to record, let alone observe, 
earth lights, but the underlying theory 
is a fascinating subject to follow. 


Further reading 

e Wikipedia article: http://en.wiki 
pedia.org/wiki/Earthquake_light 

e International Earthlight Alliance: 
www.earthlights.org 

e Paul Devereux’s article: www. 
forteantimes.com/features/arti 
cles/58/unidentified_atmospheric_ 
phenomena.html 
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Visual TFT software 


Bringing together worlds of design anc 
programming, this software will start a 
small revolution in ways we build TFT 
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COMPILERS 


and are 
best supported with mikroElektronika 
compilers: and 
Having intuitive and fast IDE, powerful 
compilers and lots of tools, you'll really feel great 
spending your time programming. 

comprehensive 

help file and 
ensure that you get the job done quickly. 


$199 $149 $149 
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NCE upon a time, listening 
(): long-distance radio signals 

(whether on the broadcast or 
shortwave bands, or even the amateur 
bands) was a popular hobby. 

Hours upon hours were spent, lis- 
tening for that elusive station... the 
ability to bring very weak stations ‘out 
of the mud’ was the ultimate thrill. 

In the 21°' century (and at the risk of 
earning the ire of diehard shortwave 
listeners) those days have all but gone. 
Today, there is little interest in the 
big, high-performance communica- 
tions receivers of last century. A lot 
of gear came out of WWII, perhaps 
modified, but there was also an enor- 
mous amount of commercial receiver 
equipment on the market, reflecting 
the popularity of ‘listening’. 

Who can forget (if you were around 
50 years ago) the Marconis, Hal- 
licrafters or Gelosos, the Nationals, 
Eddystones, Collinses or the build-it- 
yourself Heathkits? 

Those who still indulge in the art 
of ‘listening’ are these days just as 
likely to use WinRadio in/on their PCs 
— which in many ways outperforms 
even the best of the communications 
receivers of yore. 

In fact, the vast majority of receivers 
today have little more than the AM 
and FM broadcast bands. 


The aerial 
There are three things which make a 
receiver ‘good’. Two are fixed (at the 
whim of the designer or manufacturer). 
First, the receiver’s sensitivity, 
which is its ability to resolve very 
weak stations. Second, the receiver’s 
selectivity, which is its ability to 
separate stations whose transmit fre- 
quencies are very close. Note that NO 
receiver, on its own, can separate sta- 
tions which are on the same frequency. 
However, the third factor, which 
can often help a receiver distinguish 
between stations on adjacent frequen- 
cies (and even sometimes the same 
frequency) is the aerial or antenna. 
Even though the terms are virtually 
interchangeable these days, no self- 
respecting old-timer would ever call 
his aerial an antenna. Antennas were 
those small flimsy things designed to 
pick up TV! 


Black art 
Unless you have made an in-depth 
study of aerial/antenna theory, most 


Everyday Practical Electronics, July 2011 


ec) oat loge ectronice, com 


a A 8 


ia a 


Looe 


Here’s the top PC board mounted inside a low-cost weatherproof case. The two 
cables entering at left are for the loop antenna above (you can just see the loops 
behind the case lid). All four wires in this cable are soldered to the underside of 
the board together. The cable entering in the middle is the downlink — this cable 
has all four wires individually soldered to the underside of the PC board . 


people (many electronics hobbyists 
included) view it as a ‘black art’. 
Sure, everyone knows aerials/an- 
tennas are the ‘inductor’ part of a 
tuned circuit which, depending on 
the antenna length, resonates at a 
particular frequency, according to the 
formula: 1/22V(LC) 
where L is the inductance in henries 
and Cis the capacitance in farads. 
Wanted frequencies (ie, the station 
you want to listen to) can pass virtually 
unhindered, but (at least theoretically) 
all other frequencies are rejected. 


If you make the frequency of the 
tuned circuit variable, then you have 
a means of tuning over a specific band 
of frequencies. 

Well, at least that’s the way it’s sup- 
posed to work. Old timers will tell 
you they used to use another aerial 
formula: ‘as long and as high as pos- 
sible’. You’d see many a length of wire 
stretched on poles ‘down the backyard’ 
— or further. But not everyone these 
days has the room (or the neighbours) 
to allow this to happen. You need 
something smaller. 


a1 


Fig.1: block diagram of the Active AM Loop Antenna. The first two blocks are 
connected in parallel to form a tuned circuit. 


Back to the future 
This project is specifically intended 
for those who want to listen to distant, 
weak or interference-prone AM radio 
stations, particularly those in the upper 
portion of the band. This tends to be 
where the weaker stations are located — 
most country commercial AM stations 
are about 2kW; some are even less. 
Compare that with city commercial sta- 
tions or national broadcasting, which 
can be up to about 50kW. 

We mentioned before that the aerial/ 
antenna (let’s standardise on the word 


AN TENNA 


LOOP 
15nF 220k 


=> 
=> 


‘antenna’) can make a great deal of dif- 
ference to the performance ofa receiver. 

Modern receivers are often quite 
reasonable in the selectivity and sen- 
sitivity department, so all that’s left for 
us to play with is the antenna. Even if 
the receiver has provision for an exter- 
nal antenna and earth, you might be 
quite disappointed with the perform- 
ance. That’s because a random-length 
antenna is unlikely to be impedance- 
matched to the receiver and unlikely 
to be resonating anywhere near the 
required frequencies. 


DOWN LINK CABLE 


56Q. 15nF 


IC1: BA4560 


ACTIVE AM LOOP ANTENNA 


Loop antenna 

A far better approach is to use the one 
we’ve gone for here —a loop antenna 
with an in-built amplifier. Moreover, 
a loop antenna exhibits reasonably 
good directivity — if you’re trying to 
pick up a distant station and another 
station is swamping it, you can rotate 
the loop to ‘null out’ the unwanted 
one. 

Coupling the loop antenna to the 
receiver is made simple because no 
physical connection is required. A 
second, single-turn loop couples the 
signal into the radio’s in-built ferrite 
rod antenna. The distance between 
the loop antenna and the receiver can 
usually be as much as you require — up 
to several tens of metres, in fact. 

Note: this project will NOT work on 
any AM radio which does not have an 
in-built ferrite rod antenna — this is the 
only way the received signal is coupled 
to the radio. 


How it works 

Take a look now at the block diagram 
(Fig.1). It shows the operation of the 
loop antenna. 

Countless electromagnetic waves 
passing through the wire loops — gen- 
erated by anything from lightning to 
electric motors to radio and television 


78L08, 78L10 


OUT IN 


OU TPUT 
LOOP 
(ARO UN D 
RADIO) 


Fig. 2: the antenna loop picks up radio signals, which are then amplified and sent to an output loop, which 
re-radiates it into an AM radio receiver, via its internal ferrite aerial. 
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* ALL SO 


LOWER BOARD 


stations — induce tiny electric currents 
at numerous frequencies. 

The tuned circuit, consisting of X- 
frame-mounted coil loops, in parallel 
with a variable capacitance (we’ll 
explain how this is achieved in a mo- 
ment), effectively filters out almost all 
of these currents, except for the ones 
which correspond to the resonant 
frequency. The resulting narrow band 
of signals is then fed into an amplifier, 
based on op amp [C1a. 

The amplified signals are then fed 
to another coil, this one designed to 
wrap around the AM receiver. This 
loop re-radiates the signal so that the 
ferrite rod aerial coil inside the radio 
can receive it again and process the 
signal, just as it would any other radio 
signal it receives. 

What we are doing, therefore, is es- 
sentially ‘preconditioning’ the signal, 
so that the radio itself doesn’t have to 
try hard to extract the wanted signal. 

Remember those three things we 
mentioned earlier which determine 
a receiver’s performance? Well, this 
circuit not only boosts the signal level, 
making the receiver more sensitive to 
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UPPER BOARD 


Fig.3: component overlays for the top and bottom PC boards, 


with their same-size photos alongside. Note that the prototype 


FINISH OF 
COUPLING 
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weak signals, but also adds another 
stage of filtering, making the receiver 
more selective. As a result, the per- 
formance must be better — and in fact 
can be markedly better! 

To keep interference to aminimum, 
the X-frame loop antenna itself should 
be mounted outside the home, well 
away from motors, switches or other 
sources of intereference. 


Variable tuned circuit 

As you probably know, you can make 
a tuned circuit’s basic frequency 
variable by varying either the induct- 
ance or capacitance (remember that 
formula earlier?). 


WL aay 


top (amplifier) board shown here used a single SR1060 Schottky 
diode in the tuning circuit, whereas the final version uses two 
KDV149 varicap diodes in parallel. 


=) Gatlmyjelectromcs. 


In general, it’s a lot easier to adjust 
the capacitance, although many multi- 
band radio receivers do change coils 
(inductance) when switching bands. 

We could use a small variable tun- 
ing capacitor, but these are not only 
hard to get, they’re also getting rather 
expensive. The miniature ones com- 
monly sold these days are incredibly 
fiddly to use and not at all conducive 
to tracking down weak radio signals! 

But there is another way to obtain 
a variable ‘capacitor’. Many semi- 
conductors exhibit a change in capaci- 
tance when the voltage across them is 
changed. Varicap diodes are one such 
device, and in this circuit, we have 


Modificationstandgan antennal 


The original circuit (developed by Oatley Electronics) used a single SR1060 
Schottky diode as the variable capacitance diode, and this covered just the 
900kHz to 1600kHz end of the broadcast band. This device is shown in the 
photos, but was subsequently replaced by two KDV149 varicap diodes, enabling 


the entire broadcast band to be covered. 


Note, if you don’t wantto build a large wooden antenna mast, you can achieve 
similar results by winding 10 turns of wire (Spaced about 10mm apart) on a 
plastic hobby storage box (or crate) measuring about 350 x 350 x 260mm deep 
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Constructional 


HORIZONTAL 


ARM 


WATERPROOF 
ENCLOSURE 
FOR TOP 
PC BOARD 


VERTICAL 
ARM/POST 


MATERIAL: 70 x 20mm 
DRESSED PINE OR 
SIMILAR 


ALL DIMENSIONS 
IN MILLIMETRES 


5 x 4mm 
DIAMETER 
HOLES 
SPACED 
10mm 


ENCLOSURE 


| 


and ‘mast’ for the Active Loop Antenna. The two pieces 


1 

Fig.4: here’s how to cut out your timber to make the frame ~ BOARD : 
 anoh ae 

| 


of timber form a cross, with the loops of wire forming a 
square (turned 45°) through holes drilled close to its three 
outer ends and an equivalent distance down the ‘post’. 
A knot in each end of the loop will keep it nice and taut 
— just be careful you don’t pull the cross out of square as 
you pull the loops through. The top PC board mounts on 
the post at a convenient position under the coil loops, 
with the downlink wires secured to the post using cable 
ties. Don’t use a length of wire, as this could constitute a 
shorted turn around the wires and effectively kill some 


or all of the signal. 


used two such diodes in parallel to 
achieve the required tuning range (ie, 
right across the AM broadcast band). 


Circuit details 
The complete circuit diagram for the 
Active AM Loop Antenna is shown 
in Fis.2:; 

The supply voltage for this project 
can be quite wide — from about 11V to 
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30V DC. A nominal 12V plugpack, for 
example, will usually give about 16V 
to 18V unloaded and would be fine. 
This voltage is regulated to either 
8V or 10V DC by REG1, depending 
on the regulator used (either a 78L08 
or a 78L10). The resulting power rail 
supplies the amplifier IC directly and 
is also fed to a 47kQ potentiometer 
(VR1). VR1’s wiper (moving contact) is 


in turn connected to the cathodes (K) 
of the paralleled varicap diodes (D1 
and D2) via a 220kQ resistor. 

At the top of its travel, the wiper 
will have the full 8V or 10V con- 
nected to the varicap diodes, while at 
the bottom, it will, of course, be near 
enough to OV. 

The antenna coil is coupled into the 
varicap diodes via a 15nF capacitor. 
This prevents the DC voltage, which 
is applied to the varicap diodes, from 
being shorted to ground via the quite 
low resistance of the antenna coil. 

Similarly, the output from the tuned 
circuit is coupled to the input of op 
amp IC1a via another 15nF capacitor, 
so it cannot introduce DC into the 
amplifier circuit. 

Finally, we should point out that 
only one of the two op amps in the 
BA4560 package is used. The other 
has one of its inputs connected to the 
positive supply and its other input 
to its output to ensure that it doesn’t 
become unstable. 


Construction 

There are three parts to the construc- 
tion of this project — two PC boards, 
plus the ‘X’-shaped timber antenna 
support that houses the turns of tel- 
ephone cable forming the antenna. 

On one board, we have the ampli- 
fier section and the terminations for 
the loop antenna. The second board 
carries the power supply plus the con- 
nections for the loop to place around 
the AM radio receiver. Between the 
two boards is the downlink wiring. 

Start construction by making your 
timber ‘X’ frame, using Fig.4 as a guide. 
You can use just about any scrap tim- 
ber that you can find (but we wouldn’t 
use Pyneboard or other composites if 
the antenna is to be erected out in the 
weather). Any timber used should 
have generous coatings of paint ap- 
plied to weatherproof it. 

Don’t forget to drill all the holes for 
the 4-core telephone cable (antenna 
loop) before you glue and screw the 
sections together — it’s a lot easier to 
drill flat timber! 

Wind the five turns for the coil 
through the holes, starting with an 
outside hole closest to where the top PC 
board will be mounted — leave yourself 
about 200mm or so of cable to work 
with past the position where the PC 
board goes. Tie a single-loop knot in the 
cable as it passes through the first hole. 
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Continue to pass the ca- 
ble through the other three 
outside holes, then the next 
across, and so on until the 
coil is complete. As you go, 
keep the turns of the coil 
nice and taut but not so taut 
as to pull the timber out of 
the ‘X’ shape. 

When completed, tie 
a single-loop knot in 
the last hole so that it 
keeps the wire loops 
taut. Again, leave your- 


Capacitors 


a PC board, code 8 
1 PC board, code 
1 Weatherproof plastic b 

Ox (eg Oaile 
1 30 x 94 X 83mm plastic Bae ee 
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you ll need it shortly for 1 47kQ linear potentiometer (and oe ae 
it). 


the downlink! 


PC board 
construction 

The printed circuit 
boards component lay- 
outs and interwiring 
are shown in Fig.3. These two boards 
(together with two Varicaps) are 
available as a pair from the EPE PCB 
Service, codes 813 (Ant Loop) and 814 
(Radio Coupling). 

It doesn’t matter which board you 
start with — both are quite simple 
and should only take an hour or so to 
complete. On the loop antenna board, 
the only polarised components are the 
amplifier IC, the electrolytic capacitor 
alongside it and the varicap diodes. 

Start by installing the smallest 
components — the resistors and non- 
polarised capacitors, then install the 
semiconductors and the electrolytic 
capacitor. Don’t worry about the loop 
or downlink wiring at the moment. 

On the power supply board, three of 
the five components are polarised, so 
make sure you get them in the right way. 
The potentiometer will only go in one 
way (otherwise the shaft points inwards). 


Loop and downlink wiring 
In the prototype, 4-wire telephone ca- 
ble was used because this happened to 
be on hand — even though the loop an- 
tenna does not use the four individual 
wires (however, the downlink does). 
Therefore you could just as easily 
use single-conductor wire for the loop 
if you wished. Note that telephone 
cable is quite a lot tougher than single 


Miscellaneous 
Timber, screws 


40m of 4-wire telephone cable or equivalent 


(not included in Oatle | 
; y Electronics kit 
and mounting hardware as required 


wire and so offers some protection 
from, for example, birds sitting on it 
or even pecking at it! 

If you use telephone cable for the 
loop antenna wiring, simply connect 
all four wires in parallel as you solder 
them to the PC board. The same applies 
for the output loop — the one which 
goes around your radio. The wires 
can be twisted together to make this 
easier. Note that all connecting wires 
solder to the pads on the underside of 
the PC board. 

You might be wondering why each 
single wire of the telephone cable 
was not connected in series with its 
mate and terminated as such on the 
PC board. Wouldn’t this create a sig- 
nificantly greater inductance (ie, four 
times greater)? 

Oatley Electronics originally had 
exactly the same idea. Unfortunately, 
when they tried it out, they found that 
the capacitance of the closely-spaced 
wires within the cable started to create 
its own problems. 

They found that by paralleling all 
four wires in the cable, this problem 
was eliminated. More importantly, 
they found that the overall perform- 
ance of the antenna was better! 

In the downlink, all four wires in 
the telephone cable are used inde- 
pendently and are connected to the 
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points A, B, C and D on the 
PC boards. 

With coloured wiring in 
the cable (black, red, blue and 
white), it’s not easy to get it 
wrong! 

This downlink wiring can be 
quite long — the prototype had 
20m between the two PC boards, 
and there didn’t appear to be 
any loss of signal compared to a 
5m separation. If you need more 
distance, give it a go — you have 
nothing (except signal) to lose. 


In use 

If possible, make a complete turn 
around the radio receiver with 
the output loop (remember, the 
radio must have a ferrite rod for 
this antenna to work). How do 
you know if it has a ferrite rod 
antenna? If you can turn it on 
and it works without anything 
connected, it’s a pretty fair bet that 
it has one. Virtually all small AM 
radios have a ferrite rod antenna 
inside. 

Tune the radio to the weak station 
you want to listen to. Now adjust the 
potentiometer slowly — at one point, 
you should find a significant increase 
in the level of that station (or a decrease 
in any other stations that are interfering 
with it). 

Also, recall what we said before 
about the antenna being able to turn 
so that it faces the wanted station — by 
facing, we mean broadside on, or if 
you take a line across the X frame the 
wanted station should be perpendicu- 
lar to that line. 

The antenna will work equally well 
from both sides. However, if you turn 
the antenna through 90°, you should 
find that its performances decreases sig- 
nificantly. Conversely, any other stations 


that are now broadside-on will be much 
better. EPE 


aD 


Here’s an easy-to-build accessory for the Time Delay Photoflash 
Trigger described in our February 2011 issue. It triggers the delay 
unit and your photoflash in response to an object interrupting an 
invisible beam of infrared (IR) light. Alternatively, it can be used 
on its own to directly trigger a photoflash. 


FEW months ago (in February 

2011), we described a Time Delay 
Photoflash Trigger. This unit was trig- 
gered by a sudden sound picked up by 
an electret microphone insert. It then 
immediately opened the camera’s shut- 
ter and then fired the photoflash shortly 
after, depending on the delay period 
programmed into the unit. 

Using sound pick-up in this manner 
is a popular and effective method of 
triggering a flash for ‘stop motion’ and 
other kinds of special effects photogra- 
phy. However, in addition to the electret 
mic input, we also gave the delay unit 
a second ‘contact closure’ input, so 
that it could be triggered using other 
techniques. Which was just as well, 
because as soon as the delay unit was 
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published, we started getting requests 
for a light beam trigger. 


Flash trigger 

This simple Beam-Break Flash Trigger 
is the result of those requests. It’s mainly 
intended as an alternative triggering 
front-end for the Time Delay Photoflash 
Trigger and is connected to the latter’s 
‘contacts’ input. However, it can also be 
used to trigger a photoflash unit directly 
if you don’t need the programmable 
time delay capabilities. 

Note, however, that using the unit to 
directly trigger the flash has one impor- 
tant limitation. Unlike the Time Delay 
Photoflash Trigger, it doesn’t also trigger 
the shutter. This means that you have 
to open the shutter manually before the 


infrared beam is interrupted (eg, at night 
or in a darkened studio). 

This new project is in two parts: (1) 
an IR Source unit, which produces the 
IR beam and (2) a Detector unit, which 
monitors the IR beam and closes its out- 
put trigger contacts briefly ifthe beam is 
interrupted. These two units are linked 
with an interconnecting cable, which 
supplies the Source unit with power. 

If you're already wondering how 
you accurately line up the Source and 
Detector units when the IR light beam is 
invisible to the human eye, wonder no 
more. That problem has been solved by 
providing the detector unit with a vis- 
ible green LED, which lights when the 
IR beam is being received. This makes 
the lining-up process easy. 
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BREAKING 
BEAM 


22k 


IC1: LM358 


BEAM-BREAK FLASH TRIGGER 


Fig.1: the infrared beam is generated by LED1 to LED3 and picked up by photodetector diode PD1. Op amp IC1b functions 
as a current-to-voltage converter, while IC1a is wired as a non-inverting amplifier. The latter drives transistor Q1 and 


MOSFET Q2 to briefly switch the trigger output when the IR beam is interrupted. 


Both parts of the project run from a 9V 
battery fitted inside the Detector unit’s 
box. The total current drain is about 
15mA, which means that the battery 
should be either a set of six AA (1.5V) 
alkaline cells or a single high-energy 
QV lithium battery. A standard 9V zinc- 
carbon or alkaline battery is not up to 
the job, as its life would be too short. 


Circuit details 

The complete circuit diagram for the 
Beam-Break Flash Trigger is shown in 
Fig.1. There’s really not a great deal in 
either part of the circuit. In fact, the IR 
Source unit is nothing more than three 
IR LEDs connected in series, plus an 
8200 series resistor. This resistor limits 
the current from the 9V supply (and 
thus the current through the IR LEDs) 
to about 7.5mA. 

Power is derived from the battery in 
the Detector unit via a cable fitted with 
a 3.5mm jack plug (CON1). This mates 
with CON2 on the detector unit. 

In the Detector unit, the IR beam 
from the Source unit normally falls on 
PD1, an IR photodetector diode. This 
photodetector is connected between 
ground and the inverting input (pin 6) 
of op amp IC1b (an LM358). 

Op amp IC1b is connected as a 
current-to-voltage converter. Its pin 7 
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output sits somewhere between +1.7V 
and +4.0V when the IR beam is present, 
but rests close to +1.0V when no IR light 
is falling on PD1. This ‘dark’ output 
voltage of +1.0V is basically set by the 
voltage divider formed by the 22kQ and 
2.7kQ resistors, with the 220uF capaci- 
tor providing filtering. This is used to 
directly bias pin 5 of IC1b and to bias 
pin 2 of IC1a via a 1kQ resistor. 

The output at pin 7 of IC1b is fed 
to the non-inverting input (pin 3) 
of IC1a, which is configured as a 
non-inverting amplifier with a volt- 
age gain of 471. Because of this very 
high gain, IC1a acts very much like 
a comparator. Its pin 1 output sits at 
over +8V when the IR beam is present, 
but falls to OV when there is no IR 
light falling on PD1 (ie, the IR beam 
is interrupted). 

IC1a’s output in turn drives the base 
of transistor Q1 viaa 10kQ resistor. Asa 
result, Q1 is turned on or off depending 
on whether the IR beam is present or 
not. When the IR beam is present, Q1 is 
on and when the beam is interrupted, 
Q1 turns off. 

LED4 and its series 1kQ resistor form 
the collector load of Q1. This means that 
LED4 lights when Q1 is on and turns 
off when Q1 is off. This allows LED4 to 
be used as a guide when lining-up the 


LINE-UP 
7 GUIDE 
(2) LEDA 


TRIGGER 
OUT 


2N7000 


Source’s IR beam with PD1, as described 
previously. 


Switching the trigger output 
Because Q1 is switched on when the IR 
beam falls on PD1, its collector voltage 
is normally held down to about 0.4V. 
However, ifthe beam is interrupted, Q1 
turns off and its collector voltage rises 
to nearly +9V. 

This sudden voltage change is used 
to switch on Q2, a 2N7000 MOSFET, 
which is used as an output switch across 
triggering output CON3. As shown, a 
10nF coupling capacitor and Q2’s 10kQ 
gate resistor form a simple differentiat- 
ing circuit. This results in Q2 being 
switched on only briefly when Q1’s 
collector voltage rises when the beam is 
interrupted. The 100Q resistor in series 
with the coupling capacitor is there to 
suppress any possible oscillation dur- 
ing switch-on or switch-off. 

That’s about it, apart from power 
switch S1 and the 470uF and 100nF 
capacitors, which decouple the supply 
rail voltage to keep it constant. The cur- 
rent drain of the detector circuit varies 
between about 7.5mA when the IR beam 
is present and 1.5mA when it is inter- 
rupted, so the total battery drain for both 
sections varies between 15mA (beam 
present) and 9mA (beam interrupted). 
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Rantsmiist 


IR Source Unit 
*4 PC board, code 808, size 
57mm xX 26mm 


1 UB5-size box, 82mm x 53mm 
x 31mm 


4 6mm long untapped spacers 

4 M3 x 12mm screws, counter- 
sink head 

4 M3 hex nuts 

1 nylon cable tie, 75mm long 

1 2m length of figure-8 cable 

1 3.5mm mono jack plug, cable 
type (CON1) 

3 5mm IR LEDs (LED1 to LED3) 

1 820Q resistor 


Detector Unit 

*4 PC board, code 809, size 
122mm x 58mm 

1 UB3-size box, 129mm x 68mm 
x 44mm 

1 SPDT mini toggle switch ($1) 

1 PC-mount 3.5mm stereo jack 
socket (CON2) 

1 PC-mount 2.5mm concentric 
power plug (CON3) 

4 M3 x 15mm tapped spacers 

8 M3 X 6mm machine screws, 
pan head 

2 1mm PC board terminal pins 

1 9V battery clip lead 

1 8-pin DIL IC socket 

1 30mm length of 12mm to 
15mm diameter black PVC 
conduit or brass tubing 

1 piece of IR-transparent red 
film, approx. 16mm square 

1 9V battery snap connector OR 
1 x 4-way AA cell holder plus 
1 x 2-way AA cell holder 


Semiconductors 

1 LM358 dual op amp (IC1) 

1 BC338 NPN transistor (Q1) 

1 2N7000 N-channe/ MOSFET (Q2) 

1 IR photodetector (PD1) 
(Jaycar ZD-1948 or similar) 

1 5mm green LED (LED4) 


Capacitors 

1 470uF 16V radial elect. 

1 220uF 16V radial elect. 

1 100nF metallised polyester 
1 10nF metallised polyester 


Resistors (0.25W 1%) 

1 470kQ 1 2.7kKQ 
1 220kQ 2 1kQ 
2 22kQ 1 100 
2 10kQ 


* Available as a pair from the 
EPE PCB Service 


The IR Source board carries the three infrared LEDs (LEDs1-3) plus an 820Q 
current-limiting resistor. It’s mounted inside a UB5 case on 6mm untapped 
spacers and derives its power from the Detector unit. 


Construction 

You can see from the photos that the 
two units which make up the Beam- 
Break Flash Trigger are each housed 
in a small plastic box. The IR Source 
circuit is built on a small PC board 
coded 808 (57mm x 26mm), while the 
Detector parts are installed on a larger 
PC board coded 809 (122mm x 58mm). 
These boards are available as a pair 
from the EPE PCB Service. 

Start the assembly by building the IR 
Source board — see Fig.2. This should 
take you just a few minutes, since there 
are only four components to install — 
the three infrared LEDs and the 8200 
current-limiting resistor. 

Be sure to orient the three IR LEDs 
correctly, as shown in Fig.2. In addi- 
tion, these three LEDs must be fitted 
with their leads bent down by 90°, 
so they face out of the end of the box 
when the board is mounted inside. 

In particular, note that the centre 
LED (LED2) is fitted with its body 
relatively low down near the board, 


while the two outer LEDs are fitted 
higher and with their leads bent in- 
wards towards LED2. This is done 
so that they form a triangular group, 
to provide a relatively compact beam 
source (see photo above). 

Once these parts are in, install the 
power cable by soldering its leads to 
the +9V and OV pads. The cable is then 
anchored using asmall nylon cable tie 
that passes through the two 3mm holes 
on either side. 

Having completed the board, it 
can be mounted inside its plastic 
box on four 6mm untapped spacers, 
and secured using four M3 x 12mm 
countersunk head screws and nuts. As 
shown in the photos, the IR LEDs face 
outwards through a 10mm hole in one 
end of the box, while the power cable 
exits via a small notch filed in the top 
at the opposite end. Fig.3 shows where 
to drill the holes in both boxes. 

Finally, complete the IR Source unit 
by attaching the front panel label to 
the lid. A full-size artwork is shown 


able wiEReSIStorGoloulmcode's 


= 
= 


4-Band Code (1%) 


red red yellow brown 
red red orange brown 


red violet red brown 


1 
1 
2 
2 
1 
2 
1 
1 


yellow violet yellow brown 


brown black orange brown 


brown black red brown 
grey red brown brown 
brown black brown brown 


5-Band Code (1%) 

yellow violet black orange brown 
red red black orange brown 

red red black red brown 

brown black black red brown 
red violet black brown brown 
brown black black brown brown 
grey red black black brown 
brown black black black brown 
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An infrared transparent filter is fitted to the inside of the case at the receiving 
(PD1) end of the UB3 box, while a 30mm x 12mm-diameter ‘light-hood’ (eg, 
brass or plastic tubing) is attached to the outside of the case. 


in Fig.3. A photocopy can be taken 
and cut out and glued on the case lid. 


Detector board assembly 

There are more components on the 
Detector board, but its construction is 
still straightforward — see Fig.2. Install 
the resistors first, taking care to use the 
correct value at each location. Table 
1 shows the resistor colour codes, 
but it’s also a good idea to check each 
one using a digital multimeter before 
soldering it in place. 

Follow these parts with the met- 
allised polyester capacitors, then fit 
the two electrolytic capacitors. The 
latter are polarised, so be sure to ori- 
ent them as shown. Next, the two PC 
board terminal pins, used to make the 
battery connections, can be fitted. Note 
that both pins are fitted on the copper 
side of the board, to make it easier to 
solder the battery clip leads to them. 
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this photo and the parts layout 
‘ig.2 to build the Detector PC board. 


Constructional Project 


Switch S1 and connectors CON2 
and CON3 are next on the list, followed 
by an 8-pin socket for IC1. Be sure to 
orient the socket with its notched end 
towards the adjacent 100nF capacitor, 
to guide you when plugging in IC1 
itself later on. 

Transistor Q1, photodetector PD1, 
MOSFET Q2 and LED4 can now all 
go in, again taking care to orient them 
correctly. Note that PD1 is mounted 
vertically with its curved side facing 
outwards, and with the centre of its 
body about 5mm above the PC board. 
LED4 should also be mounted verti- 
cally, with the bottom ofits body about 
12mm above the board (this ensures 
that it will protrude slightly from its 
matching hole in the box lid after 
assembly). 

The Detector board can now be 
completed by plugging IC1 into its 
socket (take care with the orientation). 


INFRARED LEDS 
—————. 
LED3 LED2 LEDI 
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TRIGGER OUT 
TO FLASH, ETC 


(TO EMITTERS) 


Fig.2: install the parts on the two PC boards as 
shown on this layout diagram. LED4 (green) 
on the Detector board is mounted vertically, 
but be sure to bend the leads of IR LED1 to 
LED3 through 90° before installing them on 
the IR Source board — see text and photo. 
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ALL DIMENSIONS IN MILLIMETRES 


HOLES A: 3mm DIAMETER 

HOLES B: 5mm DIAMETER 

HOLE C: 6.5mm DIAMETER 

HOLES D: 10mm DIAMETER 

HOLES E: 3mm DIA, COUNTERSUNK 


IR LED END 
OF UB5 BOX 


POWER CABLE END OF UB5 BOX 


Fig.3: these drilling diagrams for the UB3 and UB5 boxes can be copied and used directly as templates, or you can mark 


the holes out manually using the measurements indicated. Also shown are the two front panel artworks. They can be 


photocopied, cut out and glued on the boxes. 
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The detector board is then ready to be 
mounted behind the lid of the UB3-size 
plastic box. 

The first step is to drill and ream out 
the various holes in the lid and ends of 
the box, as shown in Fig.3. That done, fit 
a photocopy of the front panel label and 
cut out the holes using a sharp hobby 
knife, then secure the board to the lid 
using four M3 x 15mm tapped spacers 
and eight M3 x 6mm machine screws. 

Note that you’ll need to remove the 
upper nut from the ferrule of switch 
S1 before doing this, so the ferrule can 
pass up through its matching hole in 
the lid. Once the board is in place, 
the nut can be replaced and threaded 
down against the top of the lid. The 
lower nut and lockwasher can then be 
threaded up against the underside of 
the lid, using a small spanner. 

The next step is to fit a small square 
of red ‘IR transparent’ film inside the 
box behind the single 5mm hole at the 
IR photodetector diode PD1 end. It 
can be held in place using a couple of 
narrow strips of transparent tape, one 
on either side. 

A short ‘light hood’ is now attached to 
the photodetector (PD1) end of the box. 
This must cover the 5mm hole and be as 
close as possible to concentric with it. 

The hood itself can be fashioned from 
a 30mm length of 12mm diameter brass 
tubing (see photos) or from a similar 
length of opaque (preferably black) 
PVC conduit. Whichever you use, it’s 
simply glued to the end of the box using 
five-minute epoxy cement. 

Now for the final assembly. First, 
solder the battery-snap leads to the 
terminal pins on the underside of the 
board, then place the battery in the 
bottom of the box and fasten it in place 
using either a small aluminium ‘U’ 
bracket or a strip of gaffer tape. Finally, 
lower the lid and PC board assembly 
into the box before fitting the screws to 
hold everything together. 


Trying it out 

No adjustments are required, so you 
can try it out simply by plugging the 
power cable from the IR Source into 
CON2Z on the Detector unit and turning 
on power switch S1. 

If the Detector’s light hood is now 
aligned with the output from the IR 
Source (or any other source of IR radia- 
tion), LED4 should immediately begin 
glowing. If it does, block the end of the 
hood with your thumb ora small piece 
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of opaque material and check that the 
LED immediately switches off. 

The same thing should happen if 
you turn the IR Source away from the 
Detector, or if you simply block the 
beam with your hand or some other 
small opaque object. If this happens, 
then your Beam-Break Flash Trigger 
is probably working correctly and is 
ready for use. 

If you’re going to be using it in 
conjunction with the Time Delay Pho- 
toflash Trigger unit, all that remains is 
to make up a suitable cable to connect 


La 

Above: the Detector 
board is secured to 
the lid of the UB3 
case using four M3 x 
15mm tapped spacers 
and eight M3 x 6mm 
machine screws 


Left: a ‘light hood’ 
is fitted to the end of 
the Detector unit to 
prevent interference 
from stray IR light 
SOUICES. 


the two together. This simply involves 
connecting the Detector’s trigger out- 
put to the ‘external trigger contacts’ 
input (CON4) of the delay unit. 

The Beam-Break Flash Trigger 
should give reliable triggering with 
the IR Source unit placed up to a metre 
or so from the Detector box in normal 
room lighting. This ‘beam length’ 
range can be extended considerably 
in dark (eg, night-time) conditions, but 
in bright sunlight it will be shortened 
due to the relatively high level of IRin 
the ambient light. EPE 


Direct flash triggering: making the cable 


A: mentioned in the article, the Beam-Break Flash Trigger can also be 
used to trigger an electronic flash directly, rather than via the Time Delay 
Photoflash Trigger. To do this, trigger output CONS is simply connected to the 
photoflash via a suitable cable. 

However, when you’re making up this cable, make sure that the positive 
side lead from the flash input is connected to the centre contact of the plug 
that goes to CONS. If the polarity is reversed, MOSFET Q3 in the Beam-Break 


Flash Trigger could be damaged. 


The procedure is to first use your DMM to check the polarity of the voltage 
at the end of the cable that’s plugged into the flash unit (ie, with the flash unit 
powered up and ready for triggering). Once that’s done, you'll then know 
which way round to connect the cable to the plug that goes to CON3 on the 


Detector unit. 


While you’re checking the polarity of the cable leads, make a note of the actual 
voltage itself. If it is below 60V, that won’t be a problem. Conversely, if it’s higher than 
60V, you'll need to replace the 2N7000 MOSFET with one having a higher voltage 


rating — such as an IRFO40N. 


4] 


Constructional Project 


HESE well-priced, wide-coverage and very popular 

handheld scanners offer a valuable ‘close call’ feature 
and have become well respected for general VHF/UHF 
work. 

The discriminator tap access is straightforward and 
fitting an external socket should make for a neat and pro- 
fessional enhancement to the set. However, your scanner 
warranty may become invalid! 

All variants of the UNIDEN UBC72/73 and 92/93 use 
the 24-pin TOKO TK10931 discriminator IC, with base- 
band audio output at pin 12 (LND7). This accesses the 
unfiltered audio. A resistor soldered to a convenient 
pad on the PC board provides the tap without otherwise 
affecting scanner operation. In most cases, a 10kQ resis- 
tor suffices, but with some sound cards we’ve had to go 
as high as 220kQ to avoid overload. You could also use 
a 220kQ trimpot in series with a 10kQ resistor to make 
adjustment easier. 


(9) 
The basic setup for Uae 
receiving the ~160MHz ANTENNA 


AIS signals and SHIPPLOTTER 
decoding them via 


your PC’s sound card. AUDIO CABLE 


RAW AIS DATA 


LINE OR 
MICROPHONE 
INPUT 


VHF RECEIVER 
WITH DISCRIMINATOR 
OUTPUT 


Tapping into SCANNER/ 

thomeceivers RECEIVER * MAY BE REQUIRED TO 
DISCRIMINATOR# =REDUCE HIGH FREQUENCY 

unfiltered COMPONENTS 


(EG TK10931) 
audio is quite | 
simple. At right 
is the circuit 
diagram suiting 
the Uniden 
scanner. 


AUDIO OUTPUT 
| 
(PIN 12 ON NEW 2.5mm 
1K10931) SOCKET FITTED TO 
SCANNER 


RECEIVER 


ae 
BUI 


faye 10931 


hua | 


Undoing six Philips-head screws readily dismantles the 
Uniden scanner and the revealed circuit boards simply 
clip apart. Neatly solder the 10k resistor and outlet wire 
at LND7, perhaps sliding fine heat shrink tubing over the 
wire joint to prevent circuit board shorts. 
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CONVERTING UNIDEN SCANNERS EORIAIS 


The resistor’s other end is wired 
to a 2.5mm mono chassis socket T= 
mounted on the back of the | 
scanner. There is sufficient 
space between the stacked 
PCBs and case for this. 

A short wire for the 
ground lead can be run to 
the antenna’s ground ter- 
minal — a 10nF capacitor 
between the resistor’s far |; 
end and ground may help ; 
remove residual higher || 
frequency portions. 

A 2-wire external lead 
then connects to a stereo | 
3.5mm plug to suit the PC 
soundcard’s line-in or mic input 
socket. The scanner squelch must be wide open (‘hissing’) 
but the scanner’s internal speaker volume can be turned 
right down. 


The antenna 

Unlike 2.4GHz WiFi, VHF marine signals are not so 
influenced by nearby obstructions, but the best AIS 
reception will still be gained with clear line-of-sight 
(LOS) coverage. 

The supplied ‘rubber ducky’ whip antenna on most 
scanners should allow open-terrain AIS reception to per- 
haps 6nm (nautical miles) (~10km), but either elevation 
or a better antenna (or both) will greatly assist — it really 
depends on your proximity to nearby shipping. 

The BNC socket on most scanners readily allows modest 
coax runs to rooftop Yagi beams, but a simpler and more 
portable antenna may be better — especially if AIS signals 
come from a wide arc. 


To prevent confusion with the scanner’s fitted 3.5mm 
headphone socket, the output socket to the computer sound 
card should be an open-type 2.5mm mono socket (eg, Jaycar 
PS-0105), as modern enclosed types are slightly too long for 
the most suitable rear case hole position. 
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A DIY ‘Slim JIM’ 

One of the most appealing anten- 
nas for such work is the so called 
‘Slim Jim’ (an acronym for ‘J-type 
Integrated Match’) — invented in 
1978 by the late Fred Judd, G2BCX. 

Any parallel conductors could 
be used (some diehards swear by 
HO-scale model train track!), but | 
such an antenna can be quickly 
and cheaply made from a length 
of 3009 impedance TV ribbon. 

This is becoming rather difficult 
to get, having largely given way 
to 75Q coaxial cable (which is, of 
course, entirely unsuitable). 

Although cheap, this ribbon rapidly deteriorates in the 
wind and sun if left unprotected, so housing inside a verti- 
cally supported plastic conduit (eg, mains conduit) is almost 
essential for outside use. Plastic conduit will not degrade 
performance at all. 

Considerable variation on the basic design can be toler- 
ated, as aspects such as the gap space, conductor spacing, 
velocity factor (VF) of the wire and even nearby metallic 
objects influence performance. 

At 162MHz, an open-space wavelength = speed/frequency 
= 3 x 108/1.62 x 108 = 1850mm. However, slower signals 
within the TV ribbon decrease this by ~0.9 (known as the ve- 
locity factor) giving a working AIS wavelength of 1665mm. 

The Slim Jim is *%4-wavelength long (although only the 
upper half-wave portion receives), so a 1250mm antenna 
length should suffice. ‘Cut and try’ experimentation is 
encouraged — cut slightly longer initially and trim to suit 
for best performance. 

Almost any TV-grade (ie 759) coax suits Slim Jim con- 
nection to the VHF receiver’s BNC antenna socket, and use 
of light-grade flexible coax makes a roll-up version feasible. 

Unless you’re making a very long run from antenna to 
receiver, losses should not be too much of a problem. Of 
course, if your run is long (ie, greater than, say 10m), go for 
one of the better (low-loss) cables. 

To construct a Slim Jim, simply follow the diagram at top 
right. You’ll need a length ofribbon cable about 1280mm long, 
to allow the two ends to be stripped and shorted, as shown. 

The wires at each end of the cable are bared, twisted to- 
gether and soldered (don’t ignore the last part, especially if 
you are going to erect the antenna outside). In fact, a short 
length (30mm or so?) of heatshrink tubing over each end 
will further protect the copper wire from corrosion. 

The exact position for the coax feed connection is not all 
that important for a receiving antenna — between 30 and 
100mm up from the bottom is the range. The centre wire 
of the coax is soldered to the 3/4 wavelength side (don’t 
cut the wire, just remove the insulation) while the braid 
connects to the matching stub opposite the centre wire 
connection point. 

The capacitance gap, on the ‘earthy’ side only, can be 
anywhere from about 20mm to 40mm. Don’t simply cut 
the cable; the short length of wire needs to be removed. 
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RADIATOR 

833mm 2X 
A ‘Slim Jim’ antenna for | -..---..-¥- etCApe 
162MHz made from a length ~20-40mm 
of 300 TV ribbon cable. 
This would best be placed MATCHING 
inside a length of SOIDER STUB 
plastic conduit and COAX FEED ji Va 


; ~30-100mm UP 
mounted outside, FROM BOTTOM 


as high as possible it 
and away from 
metal (such as a 
mast or roof). 


TWIST 
AND SOLDER 


Apart from putting it inside a suitable length of conduit 
(say 1.3m) with a plug on the top end (the bottom end 
could be filled with silicone sealant to stop insects and 
spiders calling the Slim Jim home), your antenna is now 
complete and ready for use. 

Slim Jim low angle performance is legendary, as the 
design best handles signals received near parallel to the 
ground — forget it for near-overhead aircraft and satellites! 

Unless yow’re tracking flying boats (or live on a hilltop), 
vessels are naturally going to be near-horizontal anyway. 
Slim Jim AIS reception out to 20nm (~30km) could be 
expected when the antenna is well elevated, perhaps by 
being hoisted up a tree (inside a conduit) with a nylon line. 
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Stan, monitoring at Eastbourne (green symbol) tracks two 
vessels using VHF radio AIS into and out of Wellington 
harbour. This gives a good idea of the type of performance 
to expect using the modified scanner and Slim Jim antenna 
described here and AISMon software running on your PC. 
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Ingenuity 


Umnibanteed = 


Readers’ Circuits 


Our regular round-up of readers’ own circuits 


WIN A PICO PC-BASED OSCILLOSCOPE WORTH £799 
¢ 200MHz Analogue Bandwidth Dual Channel Storage Oscilloscope 
¢ Spectrum Analyser * Frequency Meter * Multimeter » USB Interface. 


If you have a novel circuit idea which would be of use to other readers then a Pico Technology PC-based oscilloscope could 
be yours. After every 20 published IU circuits, Pico Technology will be awarding a PicoScope 3206 digital storage oscilloscope ay 
for the best IU submission. In addition a PicoScope 2105 Handheld ‘Scope worth £199 will be presented to the runner up. oy 


PCB Track Probing unit — 


RECENTLY purchased from EPE 
the Version 3 PICmicro MCU 
development board. Unfortunately, 
this unit comes without any inst- 
ructions, circuit diagram or even 
block diagram. As I wish to use this 
versatile looking piece of equipment to 
develop PIC circuits of my own design, 
I needed to ascertain where connectors 
and plugs and sockets were connected 
in the circuit. 

I have used the idea I am about to 
describe many times before in lash- 
up form, but felt that I ought to make 
this one as a completed unit, calibrated 
and mounted in a convenient box and 
having suitable probes. I then realised 
that it could be of interest to other 
readers of EPE, hence this letter/IU. 


On track 

The requirement was to be able to 
trace printed circuit tracks between 
components, IC pins, and sockets, even 
while components populate the PCB, 
but without power being connected. 
This probing should not cause any 
junctions that are connected between 
the probes to turn ‘on’ and should 
show unambiguous connections, 
while possibly being able to measure 
track resistance at the same time. 

The finished circuit will allow the 
measurement of resistance, up to two 
hundred ohms in my case. This figure 
could be changed if required, but for 
my intended use this is adequate. If a 
track reading is below the calibrated 
set point on the dial, an audible sound 
is heard. 


Circuit details 

I decided to use a low voltage of 
about 0.3V to power the probes, and 
a variable trip point on a comparator 
to sense the connections and _ its 


a+ 


resistance between pins and tracks. 
The low voltage is derived by using a 
resistor chain from both the positive 
supply and also the negative supply 
(a single 9V battery) with a 1N4002 
‘dropper’ diode, as may be observed 
from the circuit diagram Fig.1. 

As the circuit around the ‘dropper’ 
diode is a DC Wheatstone bridge, the 
trip point could be used to infer low 
values of resistance of track. The 
bridge detector is the high gain (open 
loop) differential circuit, the output 
of which triggers an audible warning 
output stage. 

The circuit is powered with a single 
9V battery. The low probe voltage is 
derived from the voltage drop across 
Di, a 1N4002 silicon rectifier. It is 
tapped down using a couple of 1.5kQ 
resistors in the upper arms, and 1kQ in 
the lower arms, with a 250Q variable 
resistor (pot.) shunting one of the arms 
as shown. The probes connect across 


R6 
1k 
a 
D1 
1N4002 
| a3 


Fig.1. Circuit diagram for the PCB track probe 


the other lower arm. These resistors 
form the Wheatstone bridge circuit, 
with the probe as the unknown value. 
When the ‘test’ PCB is probed, if 
track exists between the probe points, 
then the voltage across the probe falls, 
depending upon the resistance of the 
track. This drop in voltage is sensed by 
a comparator (IC1a) with an adjustable 
reference voltage, also derived from 
the potted down voltage from the D1. 
The output from the comparator 
turns on an oscillator ([Cib) driving 
a piezo sounder. I use an audible 
warning instead of an LED, as this 
means that I do not have to switch my 
eyes back and forth while probing. By 
adjusting the trip point, an indication 
may be had of the resistance of the 
track, in the classic Wheatstone bridge 
manner. In a normal Wheatstone 
bridge a null indicator is used, but 
this unit uses a ‘go-nogo’ indication, 
or high/low change at the resistance 


APPROX 8mA S11 
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value across the probes. An audible 
output indicates track resistance below 
the Setting Pot calibrated value, while 
no audible output indicates high 
resistance between the probes. 

I made my probes using two largish 
sewing needles soldered to the probe 
wires, and mounted with hot melt glue 
inside two old Biro cases, cheap as 
chips! 


Calibration and construction 
Calibration may be done using a 
number of known low value resistors 


for diy / 
hobby / 


beam solar 
Robotics 


www.shreyanshindia.com 
email: deopal@vsnl.com, 
shreyansh1093@yahoo.co.in 


Resin Laminated Micro Solar cell Modules 
from 0.5/1/1.5/2/3/4/5/6/9 Volts to 80/100/200/300/450ma 


CRICKLEWOOD 
ELECTRONICS 


Established 1981 


Frustrated with your supplier? 
Visit our component packed 
website for a vast range of 
parts - old and new, 

many unavailable elsewhere! 
www.cricklewoodelectronics.com 


1000’s OF PRICES REDUCED! 


Alternatively phone us on 
020 8452 0161 with your 


in series, adjusting the trip at each 
point to trigger the acoustic sounder, 
and marking the panel accordingly. 
Of course, this Wheatstone bridge 
method is used in old fashioned 
instruments to determine resistor 
values very accurately, but my 
requirement here is only to a few 
percent in resistance value at best. 
My unit works very well. 

I made my unit using a form of 
construction that I favour for prototype 
and one off construction. This uses 
copper laminate as a base and ‘ground’ 


connection, and gluing on _ pieces 
of stripboard, cut to suitable size 
and shape to mount IC’s and other 
components. 

It is similar to ‘ugly’ construction, 
but I find it easy and convenient, even 
when cannibalising old prototypes 
on stripboard that I have made over 
the years, to supply the small pieces 
of board required, so the cost is quite 
low. 
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Rutland 
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Part 9: Digital-to-Analogue and 
Analogue-to-Digital Conversion 


By Mike and Richard Tooley 
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Our Teach-In series is designed to provide you with a broad-based introduction to electronics. We have 
attempted to provide coverage of three of the most important electronics units that are currently studied in 
many schools and colleges in the UK. These include Edexcel BTEC Level 2 awards, as well as electronics 
units of the new Diploma in Engineering (also at Level 2). The series will also provide the more experienced 
reader with an opportunity to ‘brush up’ on specific topics with which he or she may be less familiar. 


Each part of our Teach-In series is organised under five main headings; Learn, Check, Build, Investigate and 
Amaze. Learn will teach you the theory, Check will help you to check your understanding, and Build will give 
you an opportunity to build and test simple electronic circuits. Investigate will provide you with a challenge 
which will allow you to further extend your learning, and finally, Amaze will show you the ‘wow factor’! 


2011, we introduce some com- 

bined applications of analogue 
and digital circuits in the form of 
digital-to-analogue and analogue- 
to-digital converters (DAC, ADC). In 
Learn we explore the circuits and 
techniques used in DAC and ADC. 
Investigate extends this further with 
a look at a popular DAC, which is 
available from several semiconduc- 
tor manufacturers. 

Build looks at some further ap- 
plications of digital circuits using 
both combinational and sequential 
logic techniques. Finally, in Amaze 
we look at the way that very large 
numbers are handled in digital 
systems. 


I: THIS instalment of Teach-In 
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Quantisation 

Because signals in the real world exist 
in both digital (on/off) and analogue 
(continuously variable) forms, digital 
and computer systems need to be able 
to accept and generate both types of 
signal as inputs and outputs respec- 
tively. Because of this, there is aneed 
for devices that can convert signals 
in analogue form to their equivalent 
in digital form, and vice versa. 

This chapter introduces digital- 
to-analogue and analogue-to-digital 
conversion. We shall begin by look- 
ing at the essential characteristics of 
analogue and digital signals and the 
principle of quantisation. 


In order to represent an analogue 
signal using digital codes, it is neces- 
sary to approximate (or quantise) the 
signal into a set of discrete voltage 
levels, as shown in Fig.9.1 The six- 
teen quantisation levels for a simple 
analogue-to-digital converter using 
a four-bit binary code are shown in 
Fig.9.2. Note that, in order to accom- 
modate analogue signals that have 
both positive and negative polarity 
we have used the two’s complement 
representation to indicate negative 
voltage levels. 

Thus, any voltage represented bya 
digital code in which the MSB (most 
significant bit) is logic 1 will be nega- 
tive. Fig.9.3 shows how a typical 
analogue signal would be quantised 
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into voltage levels by sampling at 
regular intervals (t,, ty, ts, etc). 


Anumogue voltage = 9.9V 3 Digital-to-analogue conversion 
‘ The basic digital-to-analogue 
converter (DAC) has a number of 
digital inputs (often 8, 10, 12, or 
16) and a single analogue output, 
as shown in Fig.9.4. The simplest 
form of DAC shown in Fig.9.5(a) 
uses a set of binary-weighted resis- 
tors to define the voltage gain of 
an operational summing amplifier 
Quantized level =10 and a four-bit binary latch to store 
the binary input while it is being 
converted. 
Note that, since the amplifier is 
connected in inverting mode, the 
Time 
| (>) Qusntized signal analogue output voltage will be 
negative rather than positive. How- 
ever, a further inverting amplifier 
stage can be added at the output to 


Se pry EE ees change the polarity if required. 

si rmoHnre The voltage gain of the inputs to 
| # the operational amplifier (deter- 

JULI mined by the ratio of feedback to 


(a) Analogue signal 


Binary code = 1010 


aa FC - DB = Gh = 


input resistance and taking into ac- 
count the inverting configuration) 
1c) Cigaal signal is shown in Table 9.1. If we assume 
that the logic levels produced by the 
Fig.9.1. The process of quantising four-bit data latch are ‘ideal’ (such 


an analogue signal into its digital that logic 1 corresponds to +5V and 
equivalent logic 0 corresponds to OV), we can 


| 2 #3 -8@ =f aff =F afi 
Inpul volbege 


output signal 


& 
= 
a 
oe 
o 


Fig.9.4. Basic DAC representation 


determine the output voltage corre- 
sponding to the eight possible input 
states by summing the voltages that 
will result from each of the four 
inputs taken independently. 

For example, when the output of the 
latch takes the binary value 1010 the 
output voltage can be calculated from: 


Vout = (-1 x 5) + (0.5 x 0) + 

(—0.25 x 5) + (0.125 x 0) =-6.25V 
Similarly, when the output of the 

latch takes the binary value 1111 


(the maximum possible) the output 
voltage can be determined from: 


Vout = (-I x 5) + (0.5 x 5) + 
(0.25 x 5) + (0.125 x 5) =-9.375V 


Table 9.1. Table of voltage gains for 
the simple DAC shown in Fig.9.5(a) 


Bit Voltage gain 


3 (MSB) _R/R =-1 


—R/4R = —0.25 


—R/8R = —0.125 


—R/2R =—-0.5 


Fig.9.2. Quantisation levels for a simple ADC that uses a Fig.9.3. An analogue signal quantised into voltage levels 
four-bit binary code by sampling at regular intervals (t1, tz, tz, etc.) 
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The complete set of voltages corre- 
sponding to all eight possible binary 
codes is given in Table 9.2. 


Binary-weighted DAC 

An improved binary-weighted DAC 
is shown in Fig.9.5(b). This circuit 
operates on a similar principle to 
that shown in Fig.9.5(a), but uses 
four analogue switches instead of 
a four-bit data latch. The analogue 


fe) Rea ladder Dit 


Fig.9.5. Simple DAC arrangements 
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switches are controlled by logic 
inputs so that a switch’s output is 
connected to the reference voltage 
(V-ef) when its respective logic input 
is at logic 1, and to OV when the cor- 
responding logic input is at logic 0. 

When compared with the previous 
arrangement, this circuit offers the 
advantage that the reference voltage 
is considerably more accurate and 
stable than using the logic level to 


Bit 3 


~ 
Ey 
Ea 
EB 
eX 
co 
a 
EY 
ES 


define the analogue output voltage. 
A further advantage arises from the 
fact that the reference voltage can 
be made negative, in which case the 
analogue output voltage will become 
positive. Typical reference voltages 
are —5V, —10V, +5V and +10V. 

Unfortunately, by virtue of the 
range of resistance values required, 
the binary-weighted DAC becomes 
increasingly impractical for higher 
resolution applications. Taking a 
10-bit circuit as an example, and 
assuming that the basic value of R 
is 1kQ, the binary weighted values 
would become: 


1kQ 
2kQ 
4kQ 
8kQ 
16kQ 
32kQ 
64kQ 
128kQ 
256kQ 


Bit 0 
Bit 2 
Bit 3 
Bit 4 
Bit 5 
Bit 6 
Bit 7 
Bit 8 
Bit 9 


Table 9.2. Output voltages produced by the 
simple DAC shown in Fig.9.5(a) 


Bit 1 | Bit 0 Output voltage 
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From 
DAC output 


Low-pass 
filter 


Filtered 
analogue output 


(a) Filtered DAC output 


In order to ensure a sufficiently 
high degree of accuracy, all of these 
resistors would need to be close-toler- 
ance types (typically +1%, or better). 
A more practical arrangement uses an 
operational amplifier in which the 
input voltage to the operational am- 
plifier is determined by means of an 
R-2R ladder, as shown in Fig.9.5(c). 

Note that only two resistance values 
are required and that they can be any 
convenient value provided that one 
value is double the other (it is rela- 
tively easy to manufacture matched 
high-stability resistances of close tol- 
erance on an integrated circuit chip). 


Accuracy and resolution 

The accuracy of a DAC depends not 
only on the values of the resistance 
used, but also on the reference volt- 
age used to define the voltage levels. 
Special band-gap references (simi- 
lar to precision Zener diodes) are 
normally used to provide reference 
voltages that are closely maintained 
over a wide range of temperature 
and supply voltages. Typical accura- 
cies of between 1% and 2% can be 
achieved using most modern low- 
cost DAC devices. 

The resolution of a DAC is an 
indication of the number of incre- 
ments in output voltage that it can 
produce and it is directly related 
to the number of binary digits used 
in the conversion. The two simple 
four-bit DACs that we met earlier 
can each provide sixteen different 
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Fig.9.6. Filtering the output of a DAC 


output voltages, but in practice we 
would probably require many more 
(and correspondingly smaller) incre- 
ments in output voltage. 

This can be achieved by adding 
further binary inputs. For example, 
a DAC with eight inputs (ie, an 8-bit 
DAC) would be capable of producing 
256 (ie, 2° or two raised to the power 
eight) different output voltage. A 10- 
bit device, on the other hand, will 
produce 1024 (ie, 2!" or two raised to 
the power ten) different voltage levels. 
The resolution of a DAC is generally 
stated in terms of the number of binary 
digits (ie, bits) used in the conversion. 


Please note! 

The resolution of aDAC depends on 
the number of bits used in the con- 
version process—the more bits the 
ereater the resolution. Typical DACs 
have resolutions of 8, 10 or 12 bits. 


Please note! 

The accuracy of a DAC depends on 
the accuracy of the resistance values 
used, as well as the accuracy of the 
reference voltage. Typical DACs 
have accuracies of 1% or 2% 


Filters 

As we have seen, the output of a 
DAC consists of a series of quantised 
voltage levels. The presence of these 
levels on the output signal can be 
undesirable for some applications, 
and hence they are removed in order 
to ‘smooth’ the output voltage. 
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Frequency 


(b) Filter characteristic 


3 
_o 


Fig.9.7. Basic ADC representation 


This can be easily accomplished 
by passing the output signal through 
a low-pass filter, as shown in Fig.9.6. 
The filter is designed so that the 
residual sampling frequency com- 
ponents (ie, those that cause the 
‘steps’ in the analogue signal) are 
well beyond the cut-off frequency 
of the filter and are subject to an 
appreciable amount of attenuation. 


Analogue-to-digital conversion 
The basic analogue-to-digital con- 
verter (ADC) has a single analogue 
input and a number of digital out- 
puts (often 8, 10, 12, or 16 lines), as 
shown in Fig.9.7. 

Various forms of analogue-to- 
digital converter are available for 
use in different applications, includ- 
ing multi-channel ADCs with up to 
16 analogue inputs. The simplest 
form of ADC is the flash converter 
shown in Fig.9.8(a). In this type of 
ADC the incoming analogue voltage 
is compared with a series of fixed 
reference voltages using a number 
of operational amplifiers (IC1 to 
IC7 in Fig.9.8). When the analogue 
input voltage exceeds the reference 
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voltage present at the inverting input 
of a particular operational amplifier 
stage, the output of that stage will 
go to logic 1. So, assuming that the 
analogue input voltage is 2V, the 
outputs of IC1 and IC2 will go to 
logic 1 while the remaining outputs 
will be at logic 0. 

The priority encoder is a logic de- 
vice that produces a binary output 
code that indicates the value of the 
most significant logic 1 received on 
one of its inputs. In this case, the 
output of IC2 will be the most sig- 
nificant logic 1 and hence the binary 
output code generated will be 010 
(as shown in Fig.9.8(b). 

Flash ADC are extremely fast in 
operation (hence the name), but they 
become rather impractical as the 
resolution increases. For example, 
an 8-bit flash ADC would require 256 
operational amplifier comparators 
while a 10-bit ADC would need a 
staggering 1024 comparator stages! 

Typical conversion times for a 
flash ADC lie in the range 50ns to 
lus, so this type of ADC is ideal 
for ‘fast’ or rapidly changing ana- 
logue signals. Due to their com- 
plexity, flash ADC are relatively 
expensive. 


Successive approximation 

A successive approximation ADC is 
shown in Fig.9.9. This shows an 8-bit 
converter that uses a DAC (usually 


RAE 


io 


(a) Sample flash ADK 


based on an R-2R ladder) together 
with a single operational amplifier 
comparator (IC1) and a successive 
approximation register (SAR). 

The 8-bit output from the SAR is 
applied to the DAC and to an 8-bit 
output latch. A separate end of con- 
version (EOC) signal (not shown in 
Fig.9.9) is generated to indicate that 
the conversion process is complete 
and the data is ready for use. 

When a start conversion (SC) 
signal is received, successive bits 


Cio 
ial 
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Fig.9.8. A simple flash ADC 


within the SAR are set and reset ac- 
cording to the output from the com- 
parator. At the point at which the 
output from the comparator reaches 
zero, the analogue input voltage will 
be the same as the analogue output 
from the DAC and, at this point, the 
conversion is complete. The end of 
conversion signal is then generated 
and the 8-bit code from the SAR is 
read as a digital output code. 
Successive approximation ADCs 
are significantly slower than flash 


Fig.9.9. A successive approximation ADC 
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Fig.9.10. A ramp-type ADC 
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types and typical conversion times (ie, the time between 
the SC and EOC signals) are in the range 10us to 100us. 
Despite this, conversion times are fast enough for most 
non-critical applications, and this type of ADC is rela- 
tively simple and available at low-cost. 


Ramping it up 
Aramp-type ADC is shown in Fig.9.10. This type of ADC 
uses aramp generator and a single operational amplifier 
comparator, [C1. 

The output of the comparator is either a 1 or a O depend- 
ing on whether the input voltage is greater or less than the 
instantaneous value of the ramp voltage. The output of 
the comparator is used to control a logic gate (IC2) which 
passes a clock signal (a square wave of accurate frequency) 
to the input of a pulse counter whenever the input voltage 
is greater than the output from the ramp generator. 


The pulses are counted until the 
voltage from the ramp generator 
exceeds that of the input signal, at 
which point the output of the compa- 
rator goes low and no further pulses 
are passed into the counter. The 
number of clock pulses counted will 
depend on the input voltage and the 
final binary count thus gives a digital 
representation of the analogue input. 
Typical waveforms for the ramp-type 
waveform are shown in Fig.9.11. 


—$— Pitti Geen Fg —_—__ i Qing rinn——e| 


Seven pulses counted» + Five pulses couniagd——= 


Dual-slope ADC 
Finally, the dual-slope ADC is a refine- 
ment of the ramp-type ADC, which 


Fig.9.12. Waveforms for a dual-ramp ADC 


Check — How do you think you are doing? 


9.1. Explain with the aid ofasketch 
what is meant by quantisation. 


9.2. A DAC can produce 256 dif- 
ferent output voltages. What is the 
resolution of the DAC? 


9.3. How many discrete voltage 


levels can be produced by a 10- 
bit DAC? 


9.4. Explain the advantage of an 
R-2R ladder DAC compared a 
binary-weighted DAC. 


9.5. State the advantage of a flash 
ADC and suggest an application 
in which it can be used. 
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9.6. The binary codes produced 
by a four-bit bipolar analogue-to- 
digital converter (see Fig.9.2 and 
Fig.9.3) sampled at intervals of 
1Ims, have the following values: 


Time (ms) Binary code 
0 0101 
0100 
0011 
0010 
0001 
0000 
1111 
1110 


If the ADC uses two’s comple- 
ment to represent negative val- 
ues (ie, 1111 represents -1, 1110 
represents -2, and so on) sketch 
and identify the waveform of the 
analogue voltage. 


For more information, 
links and other resources 
please check out our 
Teach-In website at: 


www.tooley.co.uk/ 
teach-in 


eal 
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involves a similar comparator arrange- 
ment, but uses an internal voltage 
reference and an accurate fixed slope 
negative ramp which starts when the 
positive going ramp reaches the ana- 
logue input voltage. The important 
thing to note about this type of ADC 
is that, while the slope of the positive 
ramp depends on the input voltage, 
the negative ramp falls at a fixed rate. 

Hence, this type of ADC can provide 
avery high degree of accuracy and can 
also be made so that it rejects noise 
and random variations present on the 
input signal. The main disadvantage, 
however, is that the process of first 
ramping up and then ramping down 
requires some considerable time, and 
hence this type of ADC is only suitable 
for ‘slow’ signals (ie, those that are not 
rapidly changing). Typical conversion 
times lie in the range 500us to 20ms. 


N this edition of Build we will try 
Dou some of the DAC circuits that 
we introduced in Learn (Fig.9.5). 
As we have seen, these can be con- 
structed using operational amplifiers 
with cleverly arranged arrays of 
input resistors. 


Binary-weighted DAC 

First enter the simple binary-weighted 
DAC circuit shown in Fig.9.13. This 
is a practical circuit based on the one 
shown in Learn Fig.9.5(a). We have 
used a series of logic input toggles to 
simulate standard logic level inputs, 
with the output voltage shown on a 
virtual voltmeter instrument. 

Set various input bit patterns and 
monitor the resulting output voltage. 
Using your theory from Learn to 
calculate the expected output voltage 
for two different input bit patterns 
and then test your answers using 
the simulation. Take readings of the 
output voltage for the binary coded 
decimal inputs from 0 (0000) to 15 
(1111) and produce a graph of your 
results. Fig.9.14 shows our example 
results plotted using Microsoft Excel. 
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Fig.9.13. A simple four-bit binary-weighted DAC 


Simple Bit-Welghted BAC 


7 #68 


Fig.9.14. Graph 
of results for the 
simple four-bit 
binary-weighted 
DAC 
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Fig.9.15. The modified four-bit binary-weighted DAC 


Simple Bit-Weighted DAC With Unity Inverter 


Fig.9.16. Graph 


of results for 


the modified 


four-bit binary- 
weighted DAC 


shown in 


Fig. 9.15 


1 2 3 4 5 6 


7 8 
Input BCD 


9 10 11 12 13 14 15 


Everyday Practical Electronics, July 2011 


One of the drawbacks to the sim- 
ple DAC circuit is the fact that by 
using an operational amplifier in 
an inverting configuration the out- 
put is negative. A common way of 
dealing with this issue is to add an 
additional inverting amplifier with 
a gain of -1. This is often referred to 
as a unity gain inverter. 

Modify your binary-weighted DAC 
circuit (Fig.9.13) to that shown in 
Fig.9.15 below, and experiment with 
changing the input bits. Notice that 
the output of the first operational 
amplifier (V1) is equal in magni- 
tude to the output voltage (Voy) 
but opposite in polarity. Plotting 
Vout against BCD input for this new 
arrangement should now look as 
shown in Fig.9.16. 

A further modification to the 
binary-weighted DAC is shown 
in Fig.9.17. Here the output volt- 
age is taken across the outputs of 
the two operational amplifiers. 
In this way the output voltage is 
effectively doubled. In fact, this 
method is commonly employed in 
many commercial DAC integrated 
circuit devices. 
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Build — The Circuit Wizard way 


Fig.9.17. Improved binary weighted DAC with differential output 


A switch in time 
In Fig.9.5(b) we described an im- 
proved DAC circuit using analogue 
switches. We can model this quite 
simply for simulation purposes us- 
ing single-pole double-throw (SPDT) 
switches, as shown in Fig.9.18. Note 
that in a real circuit these would be 
controlled by logic inputs. 
Simulate the circuit by changing 
the binary input patterns by tog- 
gling switches SW1 to SW4. Notice 
that by having a negative reference 
voltage we achieve a positive output 
voltage. Experiment by changing the 


reference voltage (V;.s) and note how 
this affects the output voltage range. 


On the ladder 

Finally, we will try out a third type of 
DAC circuit that utilises a so called 
R-2R resistor ladder arrangement, 
like that shown earlier in Fig.9.5(c). 
As we discussed in Learn, there are 
practical advantages to this type of 
circuit; for example, only requiring 
one matched pair of resistor val- 
ues. Construct the circuit shown in 
Fig.9.19 and experiment with the 
simulation. 


Fig.9.18. Binary-weighted DAC using analogue switches 


and a negative voltage reference 
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Fig.9.19. Four-bit DAC using an R-2R ladder 
arrangement 
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ADGs and DACs invariably take the 
form of integrated circuit devices. 
Obtain data sheets for a DACO800 
digital-to-analogue converter (these 
can be freely downloaded from the 
websites of semiconductor manu- 
facturers like National Semicon- 
ductor and Motorola) and use them 
to answer each of the following 
questions: 


1. How many data bits are used? 


2. What range of supply voltages can 
be used with this device? 


3. What package styles are used for 


As you have seen, the resolution of 
a DAC or ADC is determined by the 
number of data bits that it uses. The 
simple four-bit DAC that you met in 
Build was only capable of generat- 
ing sixteen different voltage states. 
By increasing the number of bits we 
can gain a corresponding increase in 
the resolution. So, a five-bit DAC can 
produce 32 different output voltages, 
a six-bit DAC is able to produce 64 
different output levels, and so on. 
In many applications, the digital 
output of an ADC is processed using 
a computer or some form of embed- 
ded processor (such as those used in 
the engine control and management 
systems of motor vehicles). The 
unit of data in a computer (ie, the 
number of bits that can be handled 


Amaze 


lbhr—sivit‘t > 


the device and how many connect- 
ing pins do the packages have? 


4. What is the typical power con- 
sumption of the device when used 
with a +10V supply? 


5. What is the absolute maximum 
power dissipation for the device? 


6. Which pins are used for (a) the 
LSB input and (b) the MSB input? 


7. On what principle does the DAC 
operate? 


8. What is the typical time taken 
for the output voltage to settle in 
response to a change at the input? 


by its processing unit as one single 
entity) is referred to as a word. So, 
ultimately, the digital output of an 
ADC must be converted into words 
that the computer or embedded 
system’s processor can operate on. 
The number of bits in a word is an 
important characteristic of a par- 
ticular processor family or computer 
architecture. This, in turn, has an 
impact on the size and range of the 
quantities that it can manipulate. 
Early computers, such as the IBM 
PC and Commodore Amiga, as well 
as early console systems, such as 
the Sega Genesis, Super Nintendo, 
Mattel Intellivision, used a word 
length of 16-bits. This allowed them 
to manipulate integer numbers hav- 
ing a total of 65,536 different values. 


CIRCUIT WIZARD - featured in this 
Teach-In series 


Circuit Wizard is a revolutionary new software system that combines circuit design, PCB design, simulation 
and CAD/CAM manufacture in one complete package. 
Two versions are available, Standard and Professional. 


By integrating the entire design process, Circuit Wizard provides you with all the tools necessary to produce 


an electronics project from start to finish — even including on-screen testing of the PCB prior to construction! 


2 PCB Layout 

2 Interactive PCB layout simulation 
* Automatic PCB routing 

2 Gerber export 


This is the software used in our Teach-In 20/1 series. Standard £61.25 inc. VAT Professional £91.90 
inc. VAT. See Direct Book Service — pages 75-77 in this issue 


*& Circuit diagram design with component library 
(S00 components Standard, 1500 components Professional) 


36 Virtual instruments (4 Standard, 7 Professional) 


3k On-screen animation 
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Answers to Check 
questions 


9.1. See page 46 and Fig.9.1 
9.2. 8-bit 
9.3. 1024 


9.4. Only two values are needed 
in the resistor chain of an R-2R 
ladder (the ratio of the two resist- 
ances is more important than 
their absolute values). The resist- 
ance values in a binary-weighted 
DAC can become very large when 
a large number of bits are used 


9.5. High speed of operation. A 
typical application would be for 
use with high-quality audio and 
video signals (ie, analogue signals 
at relatively high frequencies) 


9.6. Falling ramp (the analogue 
value falls linearly) 


More powerful 32-bit computers 
(such as the Apple Macintosh, 
Pentium-based PC and popular 
console systems, including the Sony 
PlayStation, Nintendo GameCube, 
Xbox, and Wii) have word lengths 
of 32-bits and this allows them to 
manipulate integer numbers that 
can represent 4,294,967,296 differ- 
ent values. 

However, if that’s not quite 
enough in terms of resolution, the 
most recent 64-bit systems includ- 
ing some games consoles, such as 
Nintendo 64, PlayStation 2, Play- 
Station 3, Xbox 360, can cope with 
integer numbers having a staggering 
18,446,744,073,709,551,616 differ- 
ent values! 


Next month! 

In next month’s Teach-In we will 
look at practical aspects of test 
instruments, measurements and 
testing circuits (including an intro- 
duction to PCB layout using Circuit 
Wizard). 
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S PART ofa discussion on another 

contributor’s LED drive circuit, 
frequent EPE Chat Zone contributor 
echase asked the following question 
about current source chips: 


Where can I get a simple linear 
constant current driver that operates 
at 20mA and is low drop? I guess 
standard 78xx series of linear reg- 
ulators can be made into a constant 
current driver, but the drop will be a 
few volts at minimum. I have used an 
LM334 in a similar application which 
is cheap, simple and only drops 0.5V, 
but it only manages about 8mA, so it 
needs three in parallel to get 20mA. 

I want to power a string of four or 
five LEDs in series off a 12V supply 
with minimal loss. A standard dropper 
resistor is dodgy, as variations in the 
12V and the LED change the volts 
dropped across the resistor, and hence 
makes the current vary a Iot. 


Later he answered his own question, 
with the following suggestions. 


In a post last month, I asked if there 
was a simple constant current driver 
for LEDs that behaved like a LM334, 
but at higher current. Well, it seems 
the ON Semiconductor NSI45020A 
is available for only 40p from Farnell 
and provides 20mA at up to 45V. There 
are 10mA, 15mA, 25mA and 30mA 
variants too. It’s a 2-pin SOD123 SMD. 
Heat dissipation could be a problem if 
the V. is more than10V larger than the 
LED voltage. At 2V it does not manage 
quite as low a ‘drop out’ voltage as the 
LM334. 

Also, RS do the 10mA and 15mA 
versions for less. They can _ be 
paralleled, so a mix of 10mA and 
15mA devices provides a range of 
possible outputs. 


Current drivers 

Other chips were also suggested by 
Chat Zone contributors, specifically the 
LM317LZ and BCR402. So this month 
we will look at the need for constant 
current drive of LEDs, and the use of 
constant current regulator chips for this 
purpose. We will use the NSI45020A 
as an example device (where stated), 
although much of the discussion will 
apply to a range of similar chips from 
a variety of manufacturers, since echase 
mentions the NSI45020A is made by 
ON semiconductor (www.onsemi.com). 
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Fig.1. Relationship of forward voltage 
and current for an example LED (king- 
bright L1334IT datasheet) 
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Fig.2. Relationship of forward current 
and luminous intensity for an example 
LED (Kingbright L1334IT datasheet) 
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Fig.3. With the same forward voltage the 
LEDs may have different forward current 
and hence different brightness 


The reason echase is asking about 
‘current drivers’ is because LEDs 
are current controlled devices — in 


BY IAN BELL 


that the light output (brightness) 
is just about directly proportional 
to the forward current (a _ linear 
relashionship). So it is the current, not 
the voltage which sets the brightness. 
The characteristics of a typical high 
efficiency red 3mm LED (specifically 
the Kingbright L1334IT) are shown 
in Fig.1 and Fig.2. 


Relationships 

The relationship between forward 
current and voltage for the L1334 IT, 
which follows the typical exponential 
diode curve, is shown in Fig.1. Fig.2 
shows the very linear relationship 
between forward current and 
luminous intensity. By implication 
from Fig.1, the brightness does not 
vary linearly with forward voltage. 
The LEDs characteristics shown 
here may be similar to those used by 
echase (20mA at 2V drop), although 
he does not give very specific details 
in the quoted posts. 

Two individual LEDs of the 
same type will produce the same 
illumination with the same forward 
current (J,), but may have different 
forward voltage drops (V,) at this 
current. Possible characteristics of 
two individual LEDs of the same type 
are shown in Fig.3. 

With the same forward voltage, 
the LEDs may have different 
forward current, and hence different 
brightness. This is a key fact that needs 
to be considered when designing LED 
drive circuits, given that it is very 
common when using multiple LEDs to 
want to have all the LEDs at the same 
brightness. 

Two LEDs driven in parallel is 
shown in Fig.4. This circuit forces the 
LEDs to have the same forward voltage 
drop, which means that their forward 
currents and hence brightness may be 
different (as in Fig.3). Fig.5 shows two 
LEDs with separate current-limiting 
resistors; we can still get problems with 
variation between individual devices 
resulting in varying brightness. An 
example will help explain this. 

Assume for the circuit in Fig.5 we 
have two LEDs, with LED1 having 
a forward voltage drop of 2V, at a 
forward current of 20mA. If the supply 
(V.) is 3.3V, we have R1 = 65Q so that 
R1 drops 1.3V and we have 2V across 
LED1. If LED2 is also connected with 
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R2 = 65, but has, say, a forward 
voltage drop of 2.2V, due to variations 
in individual device characteristics, 
the current in LED2 will be 16.9mA . 
The difference in current (15.5%) will 
be likely to show up as a noticeable 
difference in brightness. 

If we use a higher supply voltage 
the brightness variation problem is 
reduced. For example, consider a 24V 
supply. Let’s say we have R1 = 1.1kQ to 
get 20mA with a 2V drop across LED1, 
so the LED is driven as before. Now 
consider LED2 with a 2.2V drop again 
and R2 1.1kQ. The current in LED2 is 


Fig.4. Driving two LEDs in parallel 


Fig.5. Two LEDs with separate current- 
limiting resistors 


Fig.6. Driving LEDs in series ensures 
the same forward current, but requires 
a higher drive voltage 


19.8mA, almost the same as LED1, so 
they will be closer to being equally 
bright (1% difference). This comes 
at a price though — the total power 
dissipation in the two current limiting 
resistors is about 0.87W in the second 
example, which is almost twenty times 
higher than in the first example. The 
second circuit is very inefficient. 
Three LEDs driven in series is shown 
in Fig.6. The current through the LEDs 
must be equal, so their brightness will 
be equal. This approach requires a 
higher supply voltage — in this case 
something above 6V is needed for 
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three LEDs at 2V each. For a small 
number of LEDs (as echase requires) 
the supply voltage requirement may 
not be a serious issue. 


Potential problems 

Despite the fact that the circuit in Fig.6 
guarantees equal brightness there are 
still a few potential problems. First, 
we still have individual variability of 
the LEDs, so if we build two copies of 
the circuit then the brightness might 
not be the same. 

This may not matter too much if this 
is for separate projects, but if we need 
to drive more LEDs than we can have 
in series across our supply voltage (so 
we use several LED strings) we are 
back to a similar problem described 
in Fig.5. As with the single LED, if the 
voltage across the resistor is relatively 
small, which it will be if we are trying 
to maximise the number of LEDs, then 
the variability will be more obvious. 

Another problem with the circuit in 
Fig.6 is that the LED current, and hence 
brightness, will depend on supply 
voltage. This may not be a problem if 
the supply is well regulated, but if the 
supply is taken directly from a battery, 
for example, this could be an issue. 
Furthermore, if the supply is subject 
to high voltage spikes, as might be the 
case in an automotive application, 
then the resistor will not protect the 
LEDs from excessive current. 

Finally, the LEDs in the circuit 
in Fig.6 may be subject to thermal 
runaway if conditions cause them 
to warm up sufficiently. LEDs have 
a negative temperature coefficient of 
forward voltage. This means that their 
voltage drop decreases as temperature 
increases. 

In the circuit in Fig.6 this would 
cause the voltage across the resistor to 
increase, increasing the LED current. 
The increased LED current will lead to 
higher power dissipation, which may 
further increase their temperature. 
This temperature increase further 
increases the current and so on. It is 
possible for this situation to result in 
damagingly high currents in the LEDs. 


Current driven 

The problem with all the circuits 
described so far is that they are 
fundamentally voltage driven, but 
what we actually want to do is drive 
a specific current through the LEDs. 
Thus we need a current source, rather 
than the voltage source that we get 
with a standard power supply or 
battery. 

An electrical source ‘supplies’ 
both current and voltage if it is doing 
anything useful, so when we say 
‘current’ source we typically mean 
a constant current source. An ideal 
current source would power an LED 
— see Fig.7. 

However, practical current sources 
are typically circuits designed to 
deliver a fixed current, rather than 


something like a battery or the 
mains, which act as actual sources of 
electrical energy. They obtain their 
power from a conventional voltage- 
based power supply (see Fig.8), thus 
strictly speaking they are ‘constant 
current regulators’ rather than true 
current sources, but behave (more or 
less) like current sources within the 
circuit context for which they are 
designed. 


Fig.7. An ideal current source could 
power an LED directly, but practical cur- 
rent sources are usually just current 
regulators 


Fig.8. Here, |, is a current source or high 
side current regulator, while |, is a cur- 
rent sink or low side regulator 


Current sources connected to 
ground, through which current flows 
to ground, are sometimes called 
current sinks (see Fig.8). The terms 
‘high side’ and ‘low side’ are also 
used to describe current regulators 
which can be operated connected to 
the supply and ground respectively 
(see Fig.8). 

An ideal current source outputs a 
particular current irrespective of the 
voltage(s) required at its terminals to 
achieve this. This corresponds with 
an ideal voltage source, which can 
deliver any current depending on the 
nature of the load. 

In practice, of course, voltage 
sources are limited in terms of current 
capacity — an AAA 1.5V battery will 
not deliver 150A into a 0.012 load. 
Similarly, a small current source chip 
delivering 20mA will not handle the 
1000V required to push this current 
through a 50k load! 


Operating voltage 

The datasheets for current regulator 
chips, such as those mentioned by 
echase and others will specify the 
maximum voltage which can occur 
across the device. There will also be 
a minimum voltage which must be 
maintained across the chip in order 
for it to be able to operate, which is 
sometimes called ‘voltage overhead’ 
or ‘dropout voltage’. This is because 
the internal components, such as 
transistors, will require this in order 
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to switch on and operate. Remember, 
for example, a bipolar transistor 
typically requires 0.6V to 0.7V base- 
emitter voltage to conduct. 

To illustrate the operating voltage 
range for a real device, Fig.9 shows 
the characteristics of the NSI45020A 
two-terminal current regulator. 
The graph shows voltage across the 
NSI45020A against current through 
it. Aminimum of around 2V is needed 
across the device for it to operate. 
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Fig.9. Graph of voltage across the 
NSI45020A two terminal current regu- 
lator against current through it. Current 
regulation occurs between 2V and 50V 
approximately (ON Semiconductor datasheet). 


Current is constant for voltages 
above this, until the device breaks 
down at around 50V (the specified 
maximum voltage is 45V). This 
means than unlike  resistor-based 
circuits, such as Fig.6, use of a current 
regulator will result in constant LED 
brightness for a reasonable range of 
supply voltage variation. 

The ability of devices such as the 
NSI45020A to regulate up to quite 
high voltages (eg, 50V) can protect 
LEDs from supply voltage spikes. 
Consider the circuit in Fig.5 with a 
12V supply, three 2V, 20mA LEDs and 
a 300Q resistor. A 50V pulse on the 
supply would dramatically increase 
the LED current. If we assume each 
LED voltage drop increases to 2.4V 
(an arbitrary guesstimate, but the 
exponential diode characteristic 
means the LED voltage will not change 
much) the LED current will be around 
140mA from (50—(2.4x3))/300. 

Using the Kingbright 1L1334IT 
mentioned earlier as an example, 
we find the absolute maximum 
continuous current is 30mA, and the 
absolute maximum forward pulse 
current is 160mA for a 0.1ms pulse 
width. A 50V pulse causing 140mA 
for significantly longer than this may 
damage the LEDs. Using a current 
regulator that can regulate up to 
45V would maintain the 20mA LED 
current during the 50V spike. The 
current regulator will experience 
increased power dissipation during 
the surge, but with correct thermal 
design (board layout/heatsinking) it 
should not be damaged. 
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Fig.10. Example LED drive circuit using 
a current regulator IC 


Looking at the graph in Fig.9, we 
see that current in the NSI45020A 
increases very rapidly with increasing 
reverse voltage across the device. 
It follows that the NSI45020A is 
likely to be damaged by reverse 
connections, and therefore in systems 
where supply reversal may occur 
(eg, incorrectly connected batteries) 
a reverse protection diode should be 
used. 

A perfect current source would 
prevent LEDs from being subject to 
thermal runaway because the current 
would not vary with temperature. Real 
currentregulatorsare likelyto havesome 
temperature dependency. Fortunately, 
it is possible to ensure a small negative 
coefficient, which prevents thermal 
runaway (the NSI45020A and similar 
devices provide this). The regulator 
temperature coefficient should not 
be large because this may result in 
brightness variation with temperature. 

As mentioned above, current 
regulators have an overhead voltage, 
above which they will operate 
correctly. This may be specified at 
something below the full regulated 
current (say 85%). Therefore, in 
practice, it is best to use the device 
at a voltage a bit above this, so that 
the device is into the full regulation 
part of the characteristic (the flat line 
section on Fig.9). For the NSI45020A, 
about 3.5V would be reasonable. 

Ideally, the voltage across the 
regulator will not be much larger 
than this minimum because power 
dissipation increases, and efficiency 
decreases, for larger voltage drops. 
However, voltage dropped depends 
on the supply voltage and number 
of LEDs used, so some _ regulator 
dissipation will be unavoidable. If 
efficiency is particularly important, 
then switch-mode LED driver chips 
can be used, but these circuits are 
more complex and expensive. 

The number of LEDs which can 
be driven can be calculated by 
subtracting the overhead voltage and 
reversal protection diode forward 
voltage (if used) from the supply 
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Fig.12. Driving at higher current 


voltage, and then dividing this value 
by the expected LED voltage drop at 
the regulated current. For example, for 
a 12V supply, we assume a regulator 
drop of 3.5V, protection diode drop 
of 0.7V and an LED forward drop of 
2V at 20mA; the maximum number of 
LEDs is (12 — 3.5 — 0.7)/2, which gives 
3.9 LEDs. 

Allowing a slightly lower regulator 
voltage would make driving 4 LEDs 
possible, but some LED dimming may 
occur if the supply voltage dropped, 
due to operating close to the ‘knee’ 
in the regulator characteristic. Using 
three LEDs would allow more supply 
variation without the LEDs dimming. 
With three LEDs, the regulator 
would drop 5.3V and _ dissipate 
around 110mW. This is within the 
capabilities of the NSI45020A and 
similar devices. A suitable circuit is 
shown in Fig.10. 

To drive more LEDs, several 
regulator ICs can be used to drive 
parallel LED strings, as shown in 
Fig.11 (typically only one reverse 
protection diode would be needed). 
To increase current drive, current 
regulator ICs can usually be operated 
in parallel (see Fig.12). Unlike parallel 
LEDs (Fig.4), which may current hog; 
they keep to their specified regulation 
current (within the operating voltage 
range). 
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multi-range test meter, or 

‘multimeter’ as these devices 
are generally called, used to be a 
major investment. A_ professional 
grade instrument cost a sum that was 
equivalent to several weeks’ wages for 
‘mister average’. The better low-cost 
types were less rugged and probably 
a little less accurate as well, but were 
good enough for amateur and even 
some professional use. 

However, by the standards of the 
day they still represented a significant 
outlay. A multimeter was something 
that you bought after gaining some 
experience at electronics construction, 
if you could afford one. 

Some types of test equipment are 
still relatively expensive today, but 
non-professional multimeters have 
gone the way of many electronic 
gadgets, and can now be obtained at 
quite low prices. On a certain well- 
known auction site it is possible to 
buy them direct from the Far East 
for around three pounds including 
postage. 

If you are not prepared to wait a 
few weeks for delivery, they can be 
obtained in the UK for not a great deal 
more. At these prices, it is probably 
better to invest in a multimeter sooner 
rather than later. 


Speed reading 

There are two main types. of 
multimeter; the analogue and digital 
varieties (Fig.1). The analogue 
type has the readout provided by a 
conventional moving meter that has a 
fine pointer ‘needle’ and a scale. The 
digital type has a digital readout that 
on the lower cost units is typically a 
three or three and a half digit type. 

While it might seem surprising 
that analogue multimeters are still 
available in this day and age, they 
do have a few advantages. Where a 
high degree of accuracy is not needed 
it is possible to read an analogue 
multimeter at a glance. You can see 
immediately whether the reading is 
‘in the right ballpark’, and that is often 
all you need to know. 

An analogue instrument is also 
easier to use when adjusting a preset 
resistor to obtain a certain voltage at a 
test point, or something of this general 
nature. As you adjust the control, the 
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meter’s pointer responds immediately 
and smoothly to the changes. 

Using a digital multimeter for this 
type of thing you tend to get a confusing 
set of readings. It then becomes a 
matter of adjusting the control, waiting 
for the reading to settle, adjusting the 
control again, waiting again, and so on 
until eventually the required reading is 
obtained. 

In a similar vein, if a voltage is 
fluctuating slowly, an analogue inst- 
rument will follow and show the 
changes. In the same situation, a 
digital type tends to become a random 
number generator! 

Another advantage of analogue 
multimeters is that they can still measure 
voltage and current if the battery goes 
flat. The battery is only needed for 
resistance (ohms) measurement, and 
probably for additional features such as 
a continuity buzzer and semiconductor 
testing. 

A disadvantage oof analogue 
multimeters is that they often require 
two batteries. Typically, there will be 
one or two 1.5V batteries plus a higher 
voltage type, such as a PP3 9V battery. 
In most cases, the higher voltage 
battery is only required for the highest 
resistance ranges. 


ARKIN 


On reflection 

Although the analogue type has its 
advantages and is still preferred 
by some, a digital instrument is 
generally the better choice. Even 
a three-digit type is likely to offer 
better accuracy than that provided by 
the pointer and scale of an analogue 
multimeter. Small analogue types are 
handy devices, but the longer scale 
of a larger type can be read more 
accurately. 

Most analogue multimeters have an 
arc with a mirror finish mixed in with 
the various scales. This aids reading 
accuracy by combating parallax 
problems due to the pointer being 
slightly raised from the scale plate. 
Accurate readings are obtained when 
the pointer covers its reflection in 
the mirrored part of the scale, but for 
highly accurate readings a digital type 
is still likely to be quicker, easier, and 
more precise. 

Many multimeters have a three 
and a half digit display, which is a 
type where the maximum reading is 
1999. The extra ‘half’ digit gives better 
results on awkward readings such 
as 1.295V. This is no problem with a 
three and a half digit display, where it 
fits in nicely on the 1.999V range. 


Fig.1. The analogue meter on the left cost about the same as the digital type on the 
right, and they offer similar facilities. The digital type is smaller, more rugged, and 


probably offers slightly better accuracy 
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With a three-digit type, it would 
have to be read on the 10V range, 
and would be displayed as 1.29V. 
The loss of a digit from the reading 
is unlikely to be of major importance, 
but most multimeters, whether digital 
or analogue, provide significantly 
reduced accuracy at low readings. I 
would always opt for a three and a half 
digit type, but in practice it is likely 
that both types will do a perfectly 
good job. 


Input resistance 

Digital multimeters tend to have the 
advantage of being more rugged. The 
moving coil meter movement of an 
analogue multimeter is very delicate, 
and dropping any instrument that 
contains a moving coil meter is 
definitely not a good idea! 

The meter movements in analogue 
multimeters are relatively large, but 
have been designed to respond to 
minute amounts of current. This makes 
them especially vulnerable. A severe 
jolt can impair the accuracy of the 
meter, and in a severe case the pointer 
can be dislodged from its bearings. 

The vast majority of analogue 
multimeters are passive devices when 
measuring voltage. In other words, 
there is no amplifier between the test 
point and the meter movement. There 
is just a resistor in series with the 
meter, and the value of this resistor 
determines the full-scale voltage. 
The power needed to drive the meter 
movement is obtained from the test 
point. 

This is a far from ideal approach, 
since the power tapped off by the 
meter can significantly load the 
voltage at the test point, giving a 
misleadingly low reading. The meter 
needs to be as sensitive as possible in 
order to minimise loading effects, but 
there is a limit to the sensitivity that 
can be obtained while maintaining a 
reasonable level of ruggedness. 

The sensitivity of analogue meters 
is expressed in terms of so many 
kilohms-per-volt (k/V), and_ the 
cheaper types usually have a rating of 
one or two kilohms per volt. If (say) a 
1k/V meter is set to the 10V range, it 
will have a resistance of 10kQ, and it 
will draw one milliamp from the test 
circuit with a full-scale reading. This 
is of no consequence for something 
like checking the output voltage of 
a battery or a battery eliminator, but 
with modern low-current circuits it 
is likely to give frequent misleading 
readings when making voltage checks 
at various parts of a circuit. 

The more expensive analogue 
multimeters usually have a sensitivity 
of 20k/V, which gives a resistance of 
200kQ on the 10V range, and requires 
just 50vA for a full scale reading. This 
is good enough to ensure that loading 
effects will only occasionally have to 
be taken into account when testing 
circuits. 
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Small analogue units that have 
low sensitivities are fine for things 
like checking batteries, and testing 
switches using a resistance range, 
but a larger and more expensive type 
is better suited to making voltage 
checks on circuits. In terms of input 
resistance, digital multimeters are 
even better though. Most have a 
constant input resistance of about 
10 or 20M, which is high enough 
to ensure that it will hardly ever be 
necessary to take loading effects into 
account. 


Resistance ranges 

In general, the cheaper multimeters 
have fewer measuring ranges than 
the more upmarket types, and this 
tends to be especially noticeable 
with the resistance ranges. Most 
multimeters can measure quite low 
resistances without any problems, 
and it is the higher ranges above a 
megohm that tend to be absent on the 
budget models. High value resistors 
are not used a great deal in modern 
electronics, but they are used to a 
significant extent in multimeters, and 
it is probably worth paying a bit extra 
for a meter that covers resistances up 
to at least 10 or 20MQ. 

Resistance measurement using a 
digital multimeter is very straight- 
forward, but there are a few comp- 
lications with the resistance range 
of analogue types. With a_ suitable 
range selected, the two test prods are 
connected together and a control on 
the multimeter is adjusted to zero the 
reading. 

However, zero for resistance meas- 
urements is at what is normally the 
full scale reading, and the resistance 
scales read in reverse. Furthermore, 
they are non-linear, with the scales 
getting increasingly cramped towards 
the high end of each range. This is not 
to say that an analogue multimeter 
cannot provide accurate resistance 
readings, but you do need to keep 
your wits about you in order to avoid 
reading errors, and it is all a bit 
primitive in comparison to a resistance 
measurement using a digital type. 

It is not just extra resistance ranges 
that are provided by the more up- 
market meters, and there will usually 
be extra ranges for some other types 
of measurement, and extra facilities. 
Even the cheaper multimeters often 
sport facilities such as diode and 
transistor testing, and possibly a 
continuity tester feature. 

It is possible to test for continuity 
using a low resistance range, but 
a facility specifically for that task 
will normally indicate continuity 
by sounding a buzzer. This is more 
convenient in use as it avoids the 
need to look away from the test prods. 

The more expensive multimeters 
(Fig.2) will usually have the ability to 
measure things that are not available at 
all with the cheaper types. Ranges for 


Fig.2. This mid-price digital meter has 
more ranges and facilities than a budget 
unit, including six capacitance ranges. It 
also has a large and easily read display 


measuring AC current are often absent 
from budget multimeters, but should 
be included with the more expensive 
meters. Measuring AC current is 
something you might never need to 
do, so the absence of this facility is 
probably not of great importance. 

The capacitance ranges provided by 
the more expensive digital multimeters 
are a different matter, and the ability 
to check capacitors with values from 
a few picofarads to several hundred 
microfarads is a huge bonus. 


Fluke-alikes 

Moving still further up the price 
range, there are units that look similar 
to the Fluke range of professional 
meters, and in most cases they offer 
a similar range of facilities. The 
additional features on offer usually 
include frequency and temperature 
measurement. Temperature measure- 
ment is accomplished using a separate 
probe, and it is used to check that 
power devices are not in danger of 
overheating. Additional features such 
as these are potentially useful, but the 
laws of diminishing returns tend to 
apply here. It can cost quite a lot extra 
for features that you might never use 
in earnest. 

The more upmarket meters usually 
have auto-ranging. In other words, 
you just select the desired function 
such as DC voltage, connect the meter 
to the test points, and the meter does 
the rest. It will select the best range, 
put the decimal point in the right 
place, and indicate the units in use. 
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Apart from convenience, this has 
the advantage of avoiding the risk of 
overloads. There is no danger of (say) 
selecting a low voltage range and 
connecting the meter to a hundred 
volts or so, because the user does not 
select the range. 

However, it is still essential to 
select the right function. Selecting the 
resistance function and connecting 
the meter to a few hundred volts 
might not have a happy outcome! 
All multimeters have some _ built- 
in protection against overloads and 
misuse, but as always with this type 
of thing, it is best if it is never given 
the ‘acid test’. 


Pen name 

I am not entirely sure that the ‘pen’ 
name is entirely appropriate for this 
type of multimeter (Fig.3), which is 
indeed held like a pen, but in terms of 
weight and bulk tends to be very much 
bigger than any normal pen. More out 
of curiosity, than because I thought it 
would be a valuable piece of test gear; 
I bought one of these many years ago 
when they first came out. I actually 
used it more than my normal analogue 
and digital units, and eventually wore 
it out. 

Pen style multimeters are very 
convenient for many types of testing 
because the display is very close to 
the test point, and the meter itself is 
effectively one of the test prods. This 
largely avoids the tendency for the test 
prod to slip from the test point while 
your attention is required to read the 
display. 

They are probably not a good choice 
for a first multimeter though, as they 
are relatively expensive and have 
some drawbacks. Auto-ranging is a 
standard feature of these units, but 
the specification can be relatively 
modest in other respects. There will 
usually be AC and DC voltage ranges, 
resistance measurement, and perhaps 
a facility for testing diodes, but there 
will probably be little or nothing else. 


In use 

In order to get the most from a 
multimeter it is necessary to have a 
fair amount of technical knowledge. 
Even if a circuit diagram includes 
test voltages, without a reasonable 
understanding of electronics theory it 
is unlikely that any readings that are 
wide of the mark will enable the fault 
to be pinpointed. 

On the other hand, it is possible 
to make some general tests that 
might help to locate the problem. A 
low resistance range or a continuity 
tester function can be used to check 
switches, test for broken tracks on a 
circuit board, and test for bad soldered 
connections. Using a DC voltage range 
it is possible to check that the battery 
is providing an adequate voltage, and 
that the voltage is getting through to 
the circuit board. 
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Fig.3. A pen style multimeter such as this offers a convenient way of making voltage 
checks. However, prices are relatively high and the range of features provided tends 


to be quite limited 


It is also possible to check some 
components. Obviously, resistors 
can be checked using the resistance 
ranges, but bear in mind _ that 
components cannot be checked while 
they are fitted on the circuit board. 
When checking any component, at 
most, there must be no more than one 
lead connected to the board. 

When testing high value resistors, it 
is important not to touch both of the 
metal prods or component leads. Doing 
so results in the resistance through 
your body being connected in parallel 
with the test component, which could 
significantly reduce readings. 


Most multimeters can be used to check 
transistors and diodes, and it is probably 
worth paying a little extra to get one that 
can check capacitors as well. 

One final point is that the test 
leads/prods supplied with low cost 
multimeters are usually of the ‘cheap 
and cheerful’ variety. This is not really 
surprising, since a pair of high quality 
prods costs more than most budget 
multimeters! Even so, if you use a 
multimeter a great deal it is probably 
worth investing in a higher quality 
type, such as the ones that have spring- 
loaded claws that can grip component 
leads, tags and solder pins. 
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My Boomerang won’t come back 

As you may recall, in my previous column I waffled on 
about a Geiger counter kit that I had purchased and con- 
structed. The kit looks really cool, but sadly it doesn’t 
count. When I turn it on, the blue LED lights up and 
stays on, but nothing else happens. I’ve since learned 
that the LED should only flash on to indicate a radia- 
tion event. 

I’ve been asking around on the Internet and have been 
in touch with several other people who have the same 
kit. One person jokingly said that my remark ‘my Gei- 
ger counter doesn’t count’ reminded him of the song 
‘my boomerang won’t come back.’ As fate would have 
it, this is a little ironic, because my counter is currently 
in Australia. Some say that their units behave just like 
mine — that is, they don’t work at all — and these folks 
aren’t very happy about it. Others say that their kits 
work just fine. One person pointed me to a video on 
YouTube (www.youtube.com/watch?v=Q58-l1KYrTg) 
that shows an identical unit working as you would 
expect. Whoever took the video has the Geiger coun- 
ter sitting close to an orange Fiesta Ware plate that was 
naturally radioactive (this variety of Fiesta Ware was 
discontinued because of it). The counter clicks away at 
a fairly high rate, which falls when the plate is moved 
further away toward the end of the video. 

I’m not all that familiar with the way in which these 
things perform their magic. Fortunately, I have a friend 
called David Ashton who lives ‘down under’ in Austra- 
lia. David is an electronics expert who can fix almost 
anything. So, at his invitation I shipped my Geiger 
counter to him (the post cost only $5, which I thought 
was an amazingly good deal). A few days ago, David 
emailed me to say that the unit had arrived, so now Iam 
all aquiver in anticipation. 

One of the problems I ran into when I first construct- 
ed the Geiger counter was that I didn’t know how it 
should behave, and how often it should trigger due to 
background radiation. I simply didn’t have a radiation 
source to hand with which to test it. 

I mentioned all of this in my postings on the Inter- 
net. Shortly after I’d returned from dispatching my Gei- 
ger counter to Australia, I received an email from Nick 
Bricteux (www.xtor.us) saying that he had just posted 
two uranium glass marbles to me. Nick also assured me 
that these are perfectly safe, being only about five to ten 
times more active than background radiation. 

The marbles arrived a few days ago and are sitting 
on my desk as we speak. Life can be a funny old thing, 
can’t it? First I had a Geiger counter, but no source of 
radioactivity. Now I have a pair of radioactive marbles 
but no Geiger counter. 


Mega cool iPad oscilloscope 

One thing that would have been very useful with regard 
to debugging my Geiger counter would have been an 
oscilloscope. Sad to relate, I don’t currently own one 
(my old one died and I never got around to replacing it). 


Max’s Cool 


Beans 


By Max The Magnificent 


By another strange quirk of fate, I now have a scope 
sitting on my desk. This is a really clever little device 
called the iMSO-104 from Oscium (www.oscium.com). 
Now I’ve seen FPGA-based oscilloscopes that plug into 
the USB port on a PC, but I’ve never seen anything simi- 
lar for the iPad. 


In this image, the iMSO-104 is the small connector/ 
adapter plugged into the right-hand side of a standard 
iPad. The software is free to download from the Apple 
Store (it runs in demo mode without hardware at- 
tached). The really cool thing is that the iMSO-104 and 
its software are compatible with all hardware iterations 
of the iPad, iPhone, and iPod touch. 

The iMSO-104 simultaneously supports four digital 
channels up to 5MHz and one analogue channel up to 
12 mega-samples per second. On the one hand these 
aren’t tremendously high performance values — on 
the other hand they would work well for many of my 
projects. 

I really like the fact that it works with an iPhone and 
an iPod Touch (I'd like it even better if I had an iPod 
Touch myself). The thing is that a lot of folks already 
have one of these products, so the ability to turn it into 
an oscilloscope is rather cool. 

One of the nice things about this is the intuitive us- 
age model, which takes full advantage of the iPad-iPod- 
iPhone touch screens. Setting the analogue trigger level, 
for example, is as easy as touching the right side of the 
screen and swiping either up or down. Changing the ver- 
tical and horizontal scales can be achieved by moving 
two fingers away from each other. And you can rearrange 
things by touching and swiping the desired channel to 
any position on the screen to customise your display. 

Of course, cost is also a factor. At $297.99 (£200 ap- 
prox), the iMSO-104 isn’t particularly cheap. On the 
other hand, it’s in line with FPGA/USB equivalents for 
PCs. Of course, it’s true that FPGA/USB equivalents for 
PCs can typically handle higher bandwidths and trigger 
rates; but then you also have to lug around a PC with 
you. 
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Flowcode 4 is one of the World’s most advanced graphical 
programming languages for microcontrollers. The great advantage 
of Flowcode is that it allows those with little experience to create 
complex electronic systems in minutes. 


Flowcode’s graphical development interface allows engineers to 
construct a complete electronic system on-screen, develop a 
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and then produce hex code for PICmicro® microcontrollers, 
AVR microcontrollers, ARM microcontrollers, dsPIC and PIC24 
microcontrollers. 
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PiICmicro TUTORIALS AND PROGRAMMING 


VERSION 3 PiCmicro MCU 
development board 


Suitable for use with the three software packages 


listed below. 


This flexible development board allows students to learn both 
how to program PlCmicro microcontrollers as well as program 
a range of 8, 18, 28 and 40-pin devices from the 12, 16 and 
18 series PlCmicro ranges. For experienced programmers 
all programming software is included in the PPP utility that 
comes with the development board. For those who want to 
learn, choose one or all of the packages below to use with the 


Development Board. 


e Makes it easier to develop PlCmicro projects 

e Supports low cost Flash-programmable PlCmicro devices 

e Fully featured integrated displays — 16 individual LEDs, quad 
7-segment display and alphanumeric LCD display 
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e Supports PilCmicro microcontrollers with A/D converters 


e Fully protected expansion bus for project work 


e USB programmable 


e Can be powered by USB (no power supply required) 


ASSEMBLY FOR PiCmicro 
V3 


(Formerly PiCtutor) 

Assembly for PlCmicro microcontrollers V3.0 
(previously known as PlCtutor) by John Becker 
contains a complete course in programming the 
PIC16F84 PlCmicro microcontroller from Arizona 
Microchip. It starts with fundamental concepts 
and extends up to complex programs including 
watchdog timers, interrupts and sleep modes. 

The CD makes use of the latest simulation 
techniques which provide a superb tool for 
learning: the Virtual PICmicro microcontroller, this 
is a simulation tool that allows users to write and 
execute MPASM assembler code for the PIC16F84 
microcontroller on-screen. Using this you can 
actually see what happens inside the PlCmicro 
MCU as each instruction is executed, which 
enhances understanding. 

@ Comprehensive instruction through 45 tutorial 
sections @ Includes Vlab, a Virtual PlCmicro 
microcontroller: a fully functioning simulator @ 
Tests, exercises and projects covering a wide 
range of PlCmicro MCU applications @ Includes 
MPLAB assembler @ Visual representation of a 
PlCmicro showing architecture and functions © 
Expert system for code entry helps first time users 
@ Shows data flow and fetch execute cycle and has 
challenges (washing machine, lift, crossroads etc.) 
@ Imports MPASM files. 


PRICES 


Prices for each of the CD-ROMs above are: 
(Order form on next page) 


(UK and EU customers add VAT to ‘plus VAT’ prices) 
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£161 including VAT and postage, supplied 


SOFTWARE 


‘C’ FOR 16 Series PiCmicro 


Version 4 

The C for PlCmicro microcontrollers CD-ROM is 
designed for students and professionals who need 
to learn how to program embedded microcontrollers 
in C. The CD-ROM contains a course as well as all 
the software tools needed to create Hex code for a 
wide range of PlCmicro devices — including a full 
C compiler for a wide range of PICmicro devices. 

Although the course focuses on the use of the 
PlCmicro microcontrollers, this CD-ROM will 
provide a good grounding in C programming for 
any microcontroller. 

@ Complete course in C as well as C 
programming for PlCmicro microcontrollers © 
Highly interactive course @ Virtual C PlCmicro 
improves understanding @ Includes a C compiler 
for a wide range of PlCmicro devices @ Includes 
full Integrated Development Environment e@ 


Includes MPLAB software @ Compatible with most 
PilCmicro programmers @ Includes a compiler for 
all the PICmicro devices. 
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Minimum = em requirements for t hese ) 


items: Pentium PC running, 2000, ME, 
XP; CD-ROM drive; 64MB RAM; 10MB 
hard disk space. 
Flowcode will run on XP or later 
operating systems 


with USB cable and programming software 


FLOWCODE FOR PiCmicro 
W4 


Flowcode is a very high level language programming 
system based on flowcharts. Flowcode allows you to 
design and simulate complex systems in a matter of 
minutes. A powerful language that uses macros to 
facilitate the control of devices like 7-segment displays, 
motor controllers and LCDs. The use of macros allows 
you to control these devices without getting bogged 
down in understanding the programming. When used 
in conjunction with the Version 3 development board 
this provides a seamless solution that allows you to 
program chips in minutes. 

@ Requires no programming experience 

@ Allows complex PlCmicro applications to be 

designed quickly 

@ Uses international standard flow chart symbols 

@ Full on-screen simulation allows debugging and 

speeds up the development process. 

@ Facilitates learning via a_ full 

demonstration tutorials 

@ Produces ASM code for a range of 18, 28 and 

40-pin devices 

@ 16-bit arithmetic strings and string manipulation 

@ Pulse width modulation 

@ |2C. 

New features of Version 4 include panel 
creator, in circuit debug, virtual networks, C code 
customisation, floating point and new components. 
The Hobbyist/Student version is limited to 4K of 
code (8K on 18F devices) 


suite of 


TRUITT Ie Ler r 
BG PL re- jmp ht=a= 


HODDYISUStUGENT sci wie eee ee ee £45.95 inc VAT 
Professional (Schools/HE/FE/Industry)............ £99 plus VAT 
Professional 10 user (Network Licence) ........... £350 plus VAT 
SHE LICENCE wen ere cee eee ee ce £699 plus VAT 
Flowcode Professional (Schools/HE/FE/Industry) ...£149 plus VAT 
Flowcode 10 user (Network Licence).............. £399 plus VAT 
Flowcode Site Licence .........0eeeeeeeeeeeeeee £799 plus VAT 
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CIRCUIT WIZARD 


Circuit Wizard is a revolutionary new software system that 
combines circuit design, PCB design, simulation and CAD/ 
CAM manufacture in one complete package. 


Two versions are available, Standard or Professional. 


By integrating the entire design process, Circuit Wizard provides you with all the tools necessary to 
produce an electronics project from start to finish — even including on-screen testing of the PCB prior 


to construction! 


* Circuit diagram design with component library (600 components 


Standard, 1500 components Professional) 
* Virtual instruments (4 Standard, 7 Professional) 


* On-screen animation 
* Interactive circuit diagram simulation 
* True analogue/digital simulation 


* Simulation of component destruction 


* PCB Layout 

* Interactive PCB layout simulation 
* Automatic PCB routing 

* Gerber export 

* Multi-level zoom (25% to 1000%) 
* Multiple undo and redo 

* Copy and paste to other software 
* Multiple document support 


This is the software used in our Teach-/n 2077 series. 
Standard £61.25 inc. VAT 
Professional £91.90 inc. VAT 


Minimum system requirements for these CD-ROMs: Pentium PC, CD-ROM drive, 32MB RAM, 10MB hard disk 


space. Windows 2000/ME/XP, mouse, sound card, web browser. 


EPE PIC 


RESOURCES V2 


Version 2 includes 

the EPE PIC 

Tutorial V2 series of 

Supplements 

(EPE April, May, 

June 2003) 

The CD-ROM con- 

tains the following 

Tutorial-related 

software and texts: 

@ EPE PIC Tutorial V2 complete series of 
articles plus demonstration software, 
John Becker, April, May, June ’03 

@ PIC Toolkit Mk3 (TK3 hardware 
construction details), John Becker, 
Oct 101 

@ PIC Toolkit TK3 for Windows 
(software details), John Becker, 
Nov ’01 

Plus 18 useful texts to help YOU get 

the most out of your PIC programming. 


Price £14.75 inc. VAT 


ELECTRONIC 
COMPONENTS PHOTOS 


A high quality 
selection of over 
200 jpg images 
of electronic 
components. 
This selection of 
high resolution 
photos can be } 
used to enhance 
projects and presentations or to help with 
training and educational material. They 
are royalty free for use in commercial or 
personal printed projects, and can also 
be used royalty free in books, catalogues, 
magazine articles as well as worldwide 
web pages (subject to restrictions — see 
licence for full details). 

Now contains Irfan View image software 
for Windows, with quick-start notes 
included. 


Price £19.95 inc. VAT 


L1 Assembly for PiCmicro V3 

LC ‘C’ for 16 Series PlCmicro V4 
C1 Flowcode for PlCmicro 

L] Flowcode for AVR 

L] Flowcode for ARM 

L] Flowcode for dsPIC & PIC24 


CX) Circuit Wizard — Standard 

CX) Circuit Wizard — Professional 

L] EPE PIC Resources V2 

L] Electronic Components Photos 
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Note: The software on each version is the same, only the licence for use varies. 


L] PiCmicro Development Board V3 (hardware) 


L | enclose cheque/PO in £ sterling payable to WIMBORNE PUBLISHING LTD for£......... 
LI Please charge my Visa/Mastercard/Maestro: £ 


Card Security CONG nites eene (The last 3 digits on or just under the signature strip) 


Please send me: CD-ROM ORDER FORM 


Version required: 

LC) Hobbyist/Student 

L] Professional 

L] Professional 10 user 
L] Professional + Flowkit 
LI Site licence 


om | AE 


Maestro Issue No. ......... 


ORDERING 
ALL PRICES INCLUDE UK 
POSTAGE 


Student/Single User/Standard/Hobbyist 
Version price includes postage to most 
countries in the world 
EU residents outside the UK add £5 for airmail 
postage per order 


Professional, Multiple User and Site License 
Versions — overseas readers add £5 to the basic 
price of each order for airmail postage (do not 
add VAT unless you live in an EU (European 
Union) country, then add VAT at 20% or provide 
your official VAT registration number). 


Send your order to: 
Direct Book Service 
Wimborne Publishing Ltd 
113 Lynwood Drive, Merley, Wimborne, 
Dorset BH21 1UU 
To order by phone ring . 
01202 880299. Fax: 01202 843233 
Goods are normally sent within seven days 
E-mail: orders @ wimborne.co.uk 
Online shop: 


www.epemag.com 
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Surfing The Internet 


Alan Winstanley 


Radio Ga-Ga 

AST month, I shone some light on the networking tech- 

nologies that are heading our way, including mains- 
borne networking using Homeplug or Homegrid devices. 
The Homeplug Power Alliance (Sony, LG, TI, ST, Maxim, 
Netgear, Devolo and more) follow the IEEE 1901 standard, 
while the Homegrid Forum (BT, Intel, Telefonica and 
more) went down the road of the ITU G.hn protocol 
instead. A low power Green PHY sub-set has energy- 
saving metering and Smart Grids in mind. I learned 
that it’s theoretically possible to mix different brands 
of Homeplug adaptors together, but sometimes mains- 
borne networking would not work at all. 

Reader Terry Mowles reminded me of the decade- 
long debate by the amateur radio associations, Radio 
Society of Great Britain (www.rsgb.org/plt/) and oth- 
ers to have power line technology either outlawed or 
forced to comply with the current EMC laws. In the UK, 
vociferous critics of this mains-borne technology in- 
clude radio amateurs, with claims and counter-claims 
of interference being caused by power line technology 
to HF radio bands, emergency services and civil avia- 
tion communications. There’s even the suggestion that 
street lamp-posts could become low-power radio bea- 
cons transmitting HF data. 

The RSGB fears that power line adaptors could create 
an ‘electronic smog’ needing its own ‘Clean Air’ legisla- 
tion. They published a lengthy discussion document 
voicing their concerns at http:/Ainyurl.com/618kdv3. Power 
line transmission clearly has its ardent critics, and it will be 
interesting to see how this marketplace evolves over time. 

As broadband has rolled out and we gradually bury our- 
selves in a myriad of networked AV equipment, hooked 
together in a nest of HDMI (High Definition Multimedia 
Interface) and Ethernet cables, it’s now possible to stream 
selected Internet-based services, such as BBC iPlayer, 
Facebook, Skype, Netflix and YouTube, direct to suitably 
equipped TV sets. This permits recent TV programmes to 
be replayed on a large modern TV, and video on demand 
or sports programmes, delivered by broadband direct to an 
Internet-enabled TV, is increasingly common. 

However, one might need to keep an eye on monthly us- 
age allowances in case TV or YouTube usage tips you over 
your allowed traffic quota. More options are being offered 
all the time as media barons strive to squeeze more out of 
our broadband connections. 


Domotically-enhanced 

The area of domotics relates to home automation, and 
viewers of TV’s ‘Grand Designs’ program will doubtless 
have seen fanciful interiors of ultra-modern houses, with 
all manner of lighting, ventilation, heating, music, TV and 
more controlled by a touch screen. It’s now possible to con- 
trol a ‘domotically-enhanced’ house using an iPad or iPhone 
app (eg, Domotica from Ingegni, see www.ingegnitech.com/ 
en/domotica). A number of mains, wireless and bus-based 
systems are already available. They offer the home automa- 
tion enthusiast plenty to go at, and doubtless the price will 
eventually fall. 
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Peripherals that run on a home entertainment network 
have also arrived on the market. Sony’s SMP-N100 network 
audio-video player, for example, is both Ethernet and WiFi 
enabled, allowing you to stream your AV content around 
the home, and even control it with an iPhone, iPod or some 
Android-based mobile phones. 


Sony SMP-N100 media player points the way towards running a 
domestic network to host your music, video and photos 


Rear view of Sony SMP-N100 showing, LAN, video and HDMI ports 
to connect to the latest multimedia equipment. 


It’s in our DLNA 

Trying to plumb a complex HD system together, especially 
when differing brands of goods are used, could present 
its own problems, something which the Digital Living 
Network Alliance hopes to overcome. Just as computer- 
technology USB devices are plug-and-play interoperable, 
in the digital media world DLNA-certified devices strive 
to work together while avoiding compatibility problems. 
If you are contemplating updating your A/V equipment, 
then dipping your toes at www.dlna.org will help avoid 
you making costly mistakes in the future, and show you 
what to look for. 

Some stand-alone network drives such as Western Digi- 
tal’s DLNA-compatible ‘Live’ are optimised to serve out 
your precious media collection over a DLNA-certified net- 
work. They use twin RAID-style drives to back up data, and 
you could stream video to your DLNA-compliant Xbox or 
large-screen TV, or play your music collection on an Ipad. 
How about displaying your photo albums over the home 
network, using WiFi enabled digital photoframes? Nor are 
you tied to your own household: using remote access over 
the web, you can log into your system from anywhere and 
access files that way. 

One consideration is the intrinsic and sentimental value 
of your media data. As BBC iPlayer users already know, 
media such as some TV shows or music, which are secured 
by Digital Rights Management (DRM) cannot be copied onto 
other drives. RAID drives themselves offer no cast-iron 
guarantee of total data protection either. Rather, protec- 
tion is provided on the basis that if one drive fails then the 
other drive (hopefully) keeps running, which saves your data 
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from total loss. At that point, you 
have to drop what you’re doing and 
back up your data and rebuild the 
RAID drive array promptly. (Consid- 
er whether your domestic insurance 
policy covers this eventuality). 

Online backups make a lot of 
sense, and Amazon offers 5GB free 
on its ‘Cloud Drive’ network. If you 
purchase MP3s from Amazon then 
they can be backed up automatically 
on your Cloud Drive, and Amazon’s 
new Cloud Player streams music 
direct onto your Android phone or 
tablet, Mac or PC. 

For the PC enthusiast who has a 
collection of media files to manage, 
Windows Home Server 2011 could 
be the solution. This fast-maturing 
home platform from Microsoft lets 
you stream your media files over 
a network and also backs them up 
automatically. A range of PCs op- 
timised for use as a home media 
server are available, including HP’s 
MediaSmart server range. 

With an endless influx of new 
standards and technologies, install- 
ing anew media system in the home 
will increasingly see us talking of 
network ‘clients’ and ‘servers’ and 
‘network attached storage’, config- 
uring Ethernet and WiFi instead 
of hooking coax cables or phono 
leads/plugs together. I sense a new 
job title of ‘Domestic Network 
Administrator’ coming into vogue, 


with RAID rebuilding skills and lots 
of spare time considered desirable! 

Embedded processors appear 
even in the most mundane of appli- 
ances, and Russian password-re- 
covery specialist Elcomsoft explains 
how they could all be harnessed for 
the purposes of forensically break- 
ing passwords. Elcomsoft already 
realised how the graphics CPUs resi- 
dent in PCs can share the computa- 
tional burden of the main CPU for 
this type of task. 

They claim that home video con- 
soles such as the Nintendo and 
Playstation can outgun many a PC, 
and as many domestic devices now 
have an embedded OS, it’s worth 
pausing for thought when they 
mention digital photo frames, cof- 
fee makers, SLR digital cameras 
and more. Many such domestic 
devices, claims Elcomsoft, are over- 
engineered in terms of utilising a 
computing capacity that is way be- 
yond the level required for the task 
in hand. 

Elcomsoft’s proposal is, therefore, 
to utilise these spare computing 
cycles in the almost surreal environ- 
ment of a home cloud digital net- 
work. You can read more at www. 
elcomsoft.com/home_ cloud _com- 
puting.html. 

That’s all for this month’s Net 
Work. You can contact me at: alan@ 
epemag.demon.co.uk 


Get your magazine ‘instantly’ anywhere in the world — 
buy and download from the web. 


TAKE A LOOK, A FREE ISSUE IS 
AVAILABLE 


A one year subscription (12 issues) costs just $19.99(US) 


Everyday Practical Electronics, July 2011 


MIAC 


Now you are in control 


The MIAC rugged PlCmicro 
microcontroller is an industrial grade 
controller which can be used to 
control a wide range of different 
electronic systems: for mains 
switching, motor control, sensor 
monitoring and much more. 


: | Fl 


Miz irtetelrlets te 


v 


Rugged PIC 18F4455 

Programmable from USB - 

download software provided 

Compatible with third party 

PlCmicro, BASIC and C compilers 

Includes free Flowcode 3 graphical 

programming software (no 

upgrade rights) 

8 digital or analogue inputs 

4 relay outputs - 8A 

» 4 motor outputs with speed 
control - 12V, 500mA 

> 4 line 16 character display 

» Control keypad 

Fully networkable via built in 

CAN bus 

Lab View and Visual Basic 

compatible - DLL supplied 

In-Circuit Debug over USB with 

FlowKit 
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Email: editorial@wimborne.co.uk 
Matt Pulzer addresses some of the 
general points readers have raised. 
Have you anything interesting to say? 
Drop us a line! 


All letters quoted here have previously been replied to directly 


a basi 


accuracy of 


jy LETTER OF THE MONTH 5 


Interference from 
mains-borne networking 


Dear Editor 

Your columns on home networking have 
been interesting, but there is one point 
about them you may have missed. 

There is currently a large debate and 
push by the amateur radio associations, 
RSGB (Radio Society of Great Britain) and 
individuals either to have them made illegal 
or comply with the current EMC laws. 

Some manufacturers are pushing for an 
exemption from EMC legislation. In their 


Current burden 


Dear Editor 

The design of the current adapter for mul- 
timeters by David L Jones in May’s EPE is 
very good and a useful add-on to a DMM. 

It brings to light the principle that no 
measurement can be made without affect- 
ing the quantity measured by the act of 
measurement. The design presented shows 
how that effect can be reduced for the case 
of current measurement by inserting a series 
resistor and measuring the volt drop. 

This, however, set me thinking about 
the case where the current is measured by 
means of its magnetic field to minimise the 
effect of the measurement. My old AVO has 
a SQuA moving-coil meter, which drops 
125mV for full-scale reading due to the 
resistance of the coil. If it was made from 
a superconductor operating with zero resis- 
tance, would it drop OV at 50uA? 

This seems to suggest that in the steady 
state there is no ‘burden’. However, the energy 
required to move the coil must come from the 
circuit during the time when the coil is moving 
from rest and back-EMFs are induced. 

So presumably there is a transient ‘bur- 
den’. If a Hall effect device is used to detect 
the current via its magnetic field, what is the 
mechanism for the current to detect that it is 
being measured and hence feel the effect of 
the measurement? 


Ken Naylor, by email 


Thank you for your interesting enquiry 
Ken. You are right, all observations will 
‘disturb’ the observed, an effect of particu- 
lar significance in quantum physics and 
described by the Heisenberg uncertainty 
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current form, they do not comply with the 
EMC regulations, producing far in excess of 
the allowable interference to radio reception. 
This interference has been known to interfere 
with emergency services communications. 

Living in Australia, I can’t point you to 
any local sources of information other than 
the RSGB, but there is a reasonable amount 
posted on the Internet. 


Terry Mowles, by email 


Alan Winstanley replies: 
I’ve touched upon Homeplug in the past 


and was made aware of some of the criticism 
of the technology due to the possibility of 
interference. This is an important aspect, 
given that all electrical devices sold in the 
EU have to be CE approved — meaning that, 
among other things, they have to neither 
generate interference nor be adversely 
affected by any interference that they might 
be subjected to. 

Possibly more extensive testing is needed, 
and it will be interesting to see whether the 
regulations are manipulated or relaxed in 
order to accommodate this form of mains- 
borne networking. 


principle. While EPE readers may not be 
interested in measuring parameters on the 
atomic scale, it is always worth remem- 
bering that a measurement should inter- 
fere as little as possible with what is being 
measured. 

A Hall effect device will interact with a 
magnetic field and hence it will, to a small 
extent, draw power from the circuit, altering 
the value of current slightly. However, the 
effect is small and can usually be discount- 
ed —a more serious question is how can you 
calibrate the Hall effect current-measuring 
device, given that its ouput will vary with 
the angle of its orientation in three dimen- 
Stons. 

I must confess that I have never fully got 
to grips with the strange world of supercon- 
ductivity — I have always been ‘scared off’ 
by an observation from a physicist cousin of 
mine: ‘Only three people really understand 
superconductivity; one of them is mad and 
the other two don’t agree’. 


MoreonPIC/Excelcommunication 


Dear Editor 

When I sent my initial email regarding the 
import of data to MS Excel from a PIC, I 
did not expect the number and quality of the 
responses published in EPE. I am therefore 
pleased to see these. 

However, what I was looking for, and I 
am convinced I saw it done in EPE many 
years ago, is the ‘live’ import into MS Excel 
without going down the intermediary route 
of sending the data to a temporary holding 
file first, and then importing it into Excel 
as a second operation. I believe such a 
technique was in either an Interface or PIC 
‘n Mix article. 


I have taught myself JAL for PICs 
and have been able to get a PIC 16F88 to 
measure and convert analogue voltages 
and send them as csv files to a PC via an 
RS232 serial connection, as was suggested 
by respondents to my letter. 

If one of your readers can remember the 
article and point me to it, or give information 
on configuring MS Excel to receive RS232 
data directly I would appreciate it. 

Many thanks from a long time reader/ 
subscriber of EPE. 


Bob White, Clevedon 


Last call for those with long memories 
— anyone remember an article with the 
technique Bob describes? 


Dear Editor 

Following up on the Bob White/David 
Hannaford letters about capturing data 
into Excel. I have, recently, been involved 
in converting data from files and inserting 
it into Excel workbooks using the VSTO 
(Visual Studio to Office) API in VB.Net 
4.0. Using this interface, it is a simple 
matter to open a workbook, insert data 
and format cells and then saving the result 
using only a small number of VB.net 
commands. 

Using VSTO and .Net, Bob would not 
need to extract the data from Hyperterm, 
into files, before importing it into Excel. 

VSTO is a Microsoft API and is fully 
supported under the .Net framework. 


Regards, Liam Collins 


Thank you Liam; another useful technique 
to consider. 
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Electronics Teach-In 3 


The three sections of this book 
cover a very wide range of subjects 
that will interest everyone involved in 
electronics, from hobbyists and students to professionals. 
The first 80-odd pages of Teach-In 3 are dedicated to 
Circuit Surgery, the regular EPE clinic dealing with readers’ 
queries on various circuit design and application problems 
— everything from voltage regulation to using SPICE circuit 
simulation software. 

The second section — Practically Speaking — covers 
the practical aspects of electronics construction. 
Again, a whole range of subjects, from soldering to 
avoiding problems with static electricity and indentifying 
components, are covered. 

Finally, our collection of Ingenuity Unlimited circuits provides 
over 40 different circuit designs submitted by the readers of 
EPE. 

The free cover-mounted CD-ROM is the complete 
Electronics Teach-In 1 book, which provides a broad-based 
introduction to electronics in PDF form, plus interactive 
quizzes to test your knowledge, TINA circuit simulation 
software (a limited version — plus a specially written TINA 
Tutorial), together with simulations of the circuits in the 
Teach-In 1 series, plus Flowcode (a limited version) a high 
level programming system for PIC microcontrollers based 
on flowcharts. 

The Teach-In 1 series covers everything from Electric 
Current through to Microprocessors and Microcontrollers 
and each part includes demonstration circuits to build on 
breadboards or to simulate on your PC. There is also a MW/ 
LW Radio project in the series. 

The contents of the book and Free CD-ROM have been 
reprinted from past issues of EPE. 


160 pages+CD-ROM Order code ETI3 £8.50 


THE AMATEUR SCIENTIST 3-0 __ 
CD-ROM D-ROM 
The complete collection of The ——s) 
Amateur Scientist articles from “a 
Scientific American magazine. Over 1,000 classic 
science projects from a renowned source of winning 
projects. All projects are rated for cost, difficulty and 
possible hazards. 

Plus over 1,000 pages of helpful science techniques that 
never appeared in Scientific American. 

Exciting science projects in: Astronomy; Earth Science; 
Biology; Physics; Chemistry; Weather . . . and much more! 
The most complete resource ever assembled for hobbyists, 
and professionals looking for novel solutions to research 
problems. 

Suitable for Mac, Windows, Linux or UNIX. 32MB RAM 
minimum, Netscape 4.0 or higher or Internet Explorer 4.0 


or higher. 
Over 1,000 projects 
CD-ROM Order code ASICD-ROM £19.95 


PROJECT 


CONSTRUCTION 


IC 555 PROJECTS 

E. A. Parr 

Every so often a device appears that is so useful that one 
wonders how life went on before without it. The 555 timer 
is such a device. Included in this book are over 70 circuit 
diagrams and descriptions covering basic and general 
circuits, motor car and model railway circuits, alarms and 
noise makers as well as a section on 556, 558 and 559 
timers. (Note. No construction details are given.) A reference 
book of invaluable use to all those who have any interest in 
electronics, be they professional engineers or designers, 
students or hobbyists. 


Order code BP44 £5.49 


HOW TO USE OSCILLOSCOPES AND OTHER 
TEST EQUIPMENT 

R. A. Penfold 

This book explains the basic function of an oscilloscope, 
gives a detailed explanation of all the standard controls, and 
provides advice on buying. A separate chapter deals with 
using an oscilloscope for fault finding on linear and logic 
circuits, plenty of example waveforms help to illustrate the 
control functions and the effects of various fault conditions. 
The function and use of various other pieces of test 
equipment are also covered, including signal generators, 
logic probes, logic pulsers and crystal calibrators. 


Order code BP267 £5.49 


167 pages 


104 pages 
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DIRECT BOOK 
SERVICE 


The books listed have been selected by Everyday Practical Electronics 
editorial staff as being of special interest to everyone involved in 
electronics and computing. They are supplied by mail order direct to 
your door. Full ordering details are given on the last book page. 


FOR A FURTHER SELECTION OF BOOKS AND CD-ROMS SEE 
THE UK SHOP ON OUR WEBSITE - www.epemag.com 


All prices include UK postage 


ELECTRONIC PROJECT BUILDING 

FOR BEGINNERS 

R. A. Penfold 

This book is for complete beginners to electronic project 
building. It provides a complete introduction to the practical 
side of this fascinating hobby, including the following 
topics: 

Component identification, and buying the right parts; 
resistor colour codes, capacitor value markings, etc; 
advice on buying the right tools for the job; soldering; 
making easy work of the hard wiring; construction 
methods, including stripboard, custom printed circuit 
boards, plain matrix boards, surface mount boards and 
wire-wrapping; finishing off, and adding panel labels; 
getting “problem” projects to work, including simple 
methods of fault-finding. 

In fact everything you need to know in order to get started 
in this absorbing and creative hobby. 


135 pages Order code BP392 £5.99 


TEST EQUIPMENT CONSTRUCTION 

R. A. Penfold 

This book describes in detail how to construct some simple 
and inexpensive but extremely useful, pieces of test 
equipment. Stripboard layouts are provided for all designs, 
together with wiring diagrams where appropriate, plus notes 
on construction and use. 

The following designs are included:- 

AF Generator, Capacitance Meter, Test Bench Amplifier, 
AF Frequency Meter, Audio Mullivoltmeter, Analogue 
Probe, High Resistance Voltmeter, CMOS _ Probe, 
Transistor Tester, TTL Probe. The designs are suitable for 
both newcomers and more experienced hobbyists. 


104 pages Order code BP248 £4.49 
ELECTRONICS TEACH-IN 2 CDR_Ec 


USING PIC MICROCONTROLLERS - 


A PRACTICAL INTRODUCTION 

This Teach-in series of articles was originally published in EPE 
in 2008 and, following demand from readers, has now been 
collected together in the Electronics Teach-In 2 CD-ROM. 

The series is aimed at those using PIC microcontrollers 
for the first time. Each part of the series includes breadboard 
layouts to aid understanding and a simple programmer 
project is provided. 

Also included are 29 PIC N’ Mix articles, also republished 
from EPE. These provide a host of practical programming 
and interfacing information, mainly for those that have 
already got to grips with using PIC microcontrollers. 

An extra four part beginners guide to using the C 
programing language for PIC microcontrollers is also included. 

The CD-ROM also contains all of the software for the 
Teach-In 2 series and PIC N’ Mix articles, plus a range 
of items from Microchip — the manufacturers of the PIC 
microcontrollers. The material has been compiled by 
Wimborne Publishing Ltd. with the assistance of Microchip 
Technology Inc. 

The Microchip items are: MPLAB Integrated 
Development Environment V8.20; Microchip Advance Parts 
Selector V2.32; Treelink; Motor Control Solutions; 16-bit 
Embedded Solutions; 16-bit Tool Solutions; Human Interface 
Solutions; 8-bit PIC Microcontrollers; PIC24 Micrcontrollers; 
PIC32 Microcontroller Family with USB On-The-Go; dsPIC 
Digital Signal Controllers. 


CD-ROM Order code ETI2 CD-ROM £9.50 


COMPUTING FOR THE OLDER GENERATION 
Jim Gatenby 

Among the many practical and useful ideas for using your 
PC that are covered in this book are: Choosing, setting up 
and understanding your computer and its main components. 
Writing letters, leaflets, invitations, etc., and other word 
processing jobs. Keeping track of your finances using 
a spreadsheet. Recording details of holidays and other 
ideas using a database. Using the Internet to find useful 
information, and email to keep in touch with family and 
friends. Making ‘back-up’ copies of your work and checking 
for viruses. How to use Windows XP to help people with 
impaired vision, hearing or mobility. 


Order code BP601 £8.99 


308 pages 


RADIO 


AN INTRODUCTION TO RADIO 

WAVE PROPOGATION 

J.G. Lee 

Radio wave propogation is one of the more important 
discoveries made in the early 20th century. Although 
technology lagged behind early experimenters pursued this 
newly discovered phenomenon eagerly for, in understanding 
the physics of propagation, they were discovering more 
about our Universe and its workings. 

Radio wave propagation has its origins in the world of 
solar physics. The Sun’s radiation provides the mechanism 
for the formation of the ionosphere. How the ionosphere is 
formed, and how it provides long-distance communication, is 
carefully explained. Non-ionospheric propagation, including 
‘moonbounce’ or satellite communications, is covered as well. 

This book has been written with the average electronic 
hobbyist in mind. Technical language and mathematics have 
been kept to a minimum in order to present a broad, yet 
clear, picture of the subject. The radio amateur, as well as the 
short-wave listener, will find explanations of the propogation 
phenomena which both experience in their pursuit of 
communications enjoyment. 


Order code BP293 £4.45 


716 pages 


FOR MORE BOOKS 
& CD-ROMS 
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www.epemag.com 
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FAULT FINDING, CIRCUITS AND DESIGN 


STARTING ELECTRONICS 
Third Edition 
Keith brindley 
A punchy practical introduction to 
self-build electronics. The ideal starting point for home 
experimenters, technicians and students who want to 
develop the real hands-on skills of electronics construction. 
A highly practical introduction for hobbyists, students, 
and technicians. Keith Brindley introduces readers to the 
functions of the main component types, their uses, and the 
basic principles of building and designing electronic circuits. 
Breadboard layouts make this very much a ready-to-run 
book for the experimenter, and the use of multimeter, 
but not oscilloscopes, and readily available, inexpensive 
components makes the practical work achievable in a home 
or school setting as well as a fully equiped lab. 


288 pages Order code NE42 £15.99 


HOW ELECTRONIC THINGS WORK - AND WHAT 
TO DO WHEN THEY DON’T 

Robert Goodman 

You never again have to be flummoxed, flustered or taken 
for a ride by a piece of electronics equipment. With this fully 
illustrated, simple-to-use guide, you will get a grasp on the 
workings of the electronic world that surrounds you — and 
even learn to make your own repairs. 

You don’t need any technical experience. This book 
gives you: Clear explanations of how things work, written 
in everyday language. Easy-to-follow, illustrated instructions 
on using test equipment to diagnose problems. Guidelines 
to help you decide for or against professional repair. Tips on 
protecting your expensive equipment from lightning and other 
electrical damage, lubrication and maintenance suggestions. 

Covers: colour TVs, VCRs, radios, PCs, CD players, 
printers, telephones, monitors, camcorders, satellite dishes, 
and much more! 


394 pages Order code MGH3 £21.99 


PIC IN PRACTICE (2nd Edition) 

David W. Smith 

A graded course based around the practical use of the 
PIC microcontroller through project work. Principles 
are introduced gradually, through hands-on experience, 
enabling hobbyists and students to develop their 
understanding at their own pace. The book can be used 
at a variety of levels. 

Contents: Introduction to the PIC microcontroller; 
Programming the 16F84 microcontroller; Introductory 
projects; Headers, porting code — which micro?; Using 
inputs; Keypad scanning; Program examples; The 16C54 
microcontroller; Alphanumeric displays; Analogue to 
digital conversion; Radio transmitters and_ receivers; 
EEPROM data memory; Interrupts; The 12 series 8-pin 
microcontroller; The 16F87X microcontroller; The 16F62X 
microcontroller; Projects; Instruction set, files and registers; 
Appendices; Index. 


308 pages Order code NE39 £24.99 


PRACTICAL ELECTRONIC FAULT FINDING AND 
TROUBLESHOOTING 

Robin Pain 

To be a real fault finder, you must be able to get a feel for 
what is going on in the circuit you are examining. In this 
book Robin Pain explains the basic techniques needed to 
be a fault finder. 

Simple circuit examples are used to illustrate principles 
and concepts fundamental to the process of fault finding. 
This is not a book of theory, it is a book of practical tips, 
hints and rules of thumb, all of which will equip the reader 
to tackle any job. You may be an engineer or technician in 


BOOK ORDER FORM 


Pill TIME? sect aces cesecdusecico dunce cendedubtaaobssincadbansteden: 


POS Saeko eee ata asin sceecee 


Post code: ............. 


SNe INS uacarteee ceectetaitacesoencdcuneteiaakeuepaienensees: 


Peete Tele DOMES: NO? sccstessdersssvidexenie texans 


[] | enclose cheque/PO payable to DIRECT BOOK SERVICE for £ 


L] Please charge my card £ 
Card Number 
Valid From Date 


Card expiry date 
Maestro Issue No 


(the last three digits on or just below the signature strip) 


Please continue on separate sheet of paper if necessary 


BOOK ORDERING DETAILS 


search of information and guidance, a college student, a 
hobbyist building a project from a magazine, or simply a 
keen self-taught amateur who is interested in electronic 
fault finding but finds books on the subject too mathematical 
or specialised. 

The fundamental principles of analogue and digital 
fault finding are described (although, of course, there is 
no such thing as a “digital fault” — all faults are by nature 
analogue). This book is written entirely for a fault finder 
using only the basic fault-finding equipment: a digital 
multimeter and an oscilloscope. The treatment is non- 
mathematical (apart from Ohm’s law) and all jargon is 
strictly avoided. 


274 pages Order code NE22 £41.99 
A BEGINNERS GUIDE TO CMOS DIGITAL ICs 

R. A. Penfold 

Getting started with logic circuits can be difficult, since 
many of the fundamental concepts of digital design tend 
to seem rather abstract, and remote from obviously useful 
applications. This book covers the basic theory of digital 
electronics and the use of CMOS integrated circuits, but 
does not lose sight of the fact that digital electronics has 
numerous “real world” applications. 

The topics covered in this book include: the basic concepts 
of logic circuits; the functions of gates, inverters and other 
logic “building blocks”; CMOS logic i.c. characteristics, and 
their advantages in practical circuit design; oscillators and 
monostables (timers); flip/flops, binary dividers and binary 
counters; decade counters and display drivers. 


Order code BP333 £5.45 


719 pages 


AUDIO AMPS 


BUILDING VALVE AMPLIFIERS 

Morgan Jones 

The practical guide to building, modifying, fault-finding 
and repairing valve amplifiers. A hands-on approach to 
valve electronics — classic and modern — with a minimum 
of theory. Planning, fault-finding, and testing are each 
illustrated by step-by-step examples. 

A unique hands-on guide for anyone working with 
valve (tube in USA) audio equipment — as an electronics 
experimenter, audiophile or audio engineer. 

Particular attention has been paid to answering questions 
commonly asked by newcomers to the world of the vacuum 
tube, whether audio enthusiasts tackling their first build, or 
more experienced amplifier designers seeking to learn the 
ropes of working with valves. The practical side of this book 
is reinforced by numerous clear illustrations throughout. 


368 pages Order code NE40 £29.00 


VALVE AMPLIFIERS 

Second Edition. Morgan Jones 

This book allows those with a limited knowledge of the 
field to understand both the theory and practice of valve 
audio amplifier design, such that they can analyse and 
modify circuits, and build or restore an amplifier. Design 
principles and construction techniques are provided so 
readers can devise and build from scratch, designs that 
actually work. 

The second edition of this popular book builds on its 
main strength — exploring and illustrating theory with 
practical applications. Numerous new sections include: 
output transformer problems; heater regulators; phase 
splitter analysis; and component technology. In addition 
to the numerous amplifier and preamplifier circuits, three 
major new designs are included: a low-noise single-ended 
LP stage, and a pair of high voltage amplifiers for driving 
electrostatic transducers directly — one for headphones, one 
for loudspeakers. 


Order code NE33 £40.99 


288 pages 


All prices include UK postage. For postage to Europe (air) and the rest of the world (surface) please add £3 per book. For the rest of the world airmail add £4 per 
book. CD-ROM prices include VAT and/or postage to anywhere in the world. Send a PO, cheque, international money order (£ sterling only) made payable to Direct 
Book Service or card details, Visa, Mastercard, or Maestro to: DIRECT BOOK SERVICE, WIMBORNE PUBLISHING LIMITED, 113 LYNWOOD DRIVE, MERLEY, 


WIMBORNE, DORSET BH21 1UU. 


Books are normally sent within seven days of receipt of order, but please allow 28 days for delivery — more for overseas orders. Please check price and availability (see latest issue of Everyday 
Practical Electronics) before ordering from old lists. 


For a further selection of books see the next two issues of EPE. 
Tel 01202 880299 Fax 01202 843233. E-mail: dbs @ wimborne.co.uk 


Everyday Practical Electronics, July 2011 


Order from our online UK shop at: www.epemag.com 


vie 


PCB SERVICE 


Printed circuit boards for most recent EPE constructional projects are 
available from the PCB Service, see list. These are fabricated in glass fibre, 
and are fully drilled and roller tinned. Double-sided boards are NOT plated 
through hole and will require ‘vias’ and some components soldering to 
both sides. All prices include VAT and postage and packing. Add £1 per 
board for airmail outside of Europe. Remittances should be sent to The 
PCB Service, Everyday Practical Electronics, Wimborne Publishing 
Ltd., 113 Lynwood Drive, Merley, Wimborne, Dorset BH21 1UU. 
Tel: 01202 880299; Fax 01202 843233; Email: orders@epemag.wimborne. 
co.uk. On-line Shop: www.epemag.com. Cheques should be crossed and 
made payable to Everyday Practical Electronics (Payment in £ sterling only). 


NOTE: While 95% of our boards are held in stock and are dispatched 
within seven days of receipt of order, please allow a maximum of 28 days 
for delivery — overseas readers allow extra if ordered by surface mail. 
Back numbers or photocopies of articles are available if required — see the 
Back Issues page for details. WE DO NOT SUPPLY KITS OR COMPONENTS 
FOR OUR PROJECTS. 


Please check price and availability in the latest issue. 
A large number of older boards are listed on, and can be 
ordered from, our website. 


Boards can only be supplied on a payment with order basis. 


PROJECT TITLE ORDERCODE COST 


JUNE ’10 | 
* PIC-Based Musical Tuning Aid £9.06 
* Water Tank Level Meter — Base | £7.67 
— Switch ; 
* DSP Musicolour — Main 


—-£16.4 
— Display | — 


JULY '10 
* ColdAlert Hypothermia Alarm | £7.68 
* Swimming Pool Alarm £8.37 


AUGUST '10 
* PIC-Based Flexitimer (double-sided) £12.91 
DSP Musicolour — Remote Control Receiver OLS 
* UV Lightbox — Exposure Controller £9.77 

— Display/Timer j 


Ultra LD 200W Power Amplifier (double-sided) £15.52 


SEPTEMBER ‘10 
Ultra-LD 200W Power Amplifier — Power Supply £8.37 
Low-Voltage Adjustable Regulator | £6.81 
Balanced/Unbalanced Converter £7.68 
Planet Jupiter Receiver (double-sided) } £15.00 


OCTOBER ‘10 
Bridge Adaptor For Stereo Power Amps | | £7.68 
CDI Module For Small Motors —- £6.63 
%* LED Strobe and Tachometer — 1 | 
— Main Board 
— Switch Board 


| £8.37 


NOWEMBER ‘10 


* Railpower — Main Board 
— Display Board 
*LED Strobe and Tachometer — 2 
— Photo-Interrupter 
— IR Reflect Amp 
* USB Clock with LCD Readout — 1 


Balanced MIC Preamp for PCs and MP3 Players 


DECEMBER ‘10 
12V Speed Controller or 12V Lamp Dimmer 
* Digital RF Level & Power Meter 
— Main Board 
— Head-end Board 
— RF Attenuator Board 


JANUARY ‘11 
* Multi-Purpose Car Scrolling Display 

— Main Board 

— Display Board 
USB-Sensing Mains Power Switch 
*433MHz UHF Remote Switch 

— Transmitter 

— Receiver 
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PROJECT TITLE 


ORDERCODE COST 


FEBRUARY ‘11 
Time Delay Photoflash Trigger TS £9.72 
Tempmaster Mk.2 


MARCH 11 


* GPS Synchronised Clock 793 £8.02 
* Digital Audio Millivoltmeter 794 £11.34 
Theremin 795 £10.53 


USB Printer Share Switch 


APRIL ‘11 
Multi-Message Voice Recorder 797 £7.53 
PIR-Triggered Mains Switch 798 £8.00 
* Intelligent Remote-Controlled Dimmer 


MAY ‘11 


* 6-Digit GPS Clock 800 £10.69 
Simple Voltage Switch For Car Sensors 801 £6.80 
The «Current (double-sided, surface mount) 802 £11550 


* Digital Audio Oscillator (double-sided) 
JUNE ‘11 


230V AC 10A Full-Wave Motor Speed Controller 804 £8.91 
Precision 10V DC Voltage Reference 805 £6.48 
6-Digit GPS Clock Driver (Pt.2) 806 £6.80 


Musicolour IRDA Accessory 


JULY ‘11 


Beam-Break Flash Trigger — IR Source oe 

— Detector go9 s Pa" zp 
Metal Locator 810 EAIS 
Multi-Function Active Filter 812 £8.34 
Active AM Loop Antenna and Amp 

— Antenna/Amp 813 ; 

— Radio Loop 81 4 pair | £8.89 


(inc. Varicaps) 


* All software programs for EPE Projects marked with a star, and 
others previously published can be downloaded free from the Library 
on our website, accessible via our home page at: www.epemag.com 


PCB MASTERS 


PCB masters for boards published from the March ’06 issue onwards 
can also be downloaded from our website (www.epemag.com); go 
to the ‘Library’ section. 


EPE PRINTED CIRCUIT BOARD SERVICE 
Order Code Project Quantity 
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Signature 


Note: You can also order PCBs by phone, Fax or Email or via the 
Shop on our website on a secure server: 


http://www.epemag.com 
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ADVERTISEMENT § 


Everyday Practical Electronics reaches 
more UK readers than any other UK 
monthly hobby electronics magazine, our 


Sales figures prove it. We have been the 
leading monthly magazine in this market 
for the last twenty-five years. 


If you want your advertisements to be seen by the largest readership at the most economical price our classified 
page offers excellent value. The rate for semi-display space is £10 (+ VAT) per centimetre high, with a minimum 
height of 2-5cm. All semi-display adverts have a width of 5.5cm. The prepaid rate for classified adverts is 40p 


(+VAT) per word (minimum 12 words). 


All cheques, postal orders, etc., to be made payable to Everyday Practical Electronics. VAT must be added. 
Advertisements, together with remittance, should be sent to Everyday Practical Electronics Advertisements, 113 
Lynwood Drive, Merley, Wimborne, Dorset, BH21 1UU. Phone: 01202 880299. Fax: 01202 843233. Email: 
epeads@wimborne.co.uk. For rates and information on display and classified advertising please contact our 


Advertisement Manager, Stewart Kearn as above. 


BOWOOD ELECTRONICS LTD 


Suppliers of Electronic Components 
Place a secure order on our website or call our sales line 
All major credit cards accepted 
Web: www.bowood-electronics.co.uk 
Unit 10, Boythorpe Business Park, Dock Walk, Chesterfield, 
Derbyshire S40 2QR. Sales: 01246 200222 
Send 60p stamp for catalogue 


BTEC ELECTRONICS 
TECHNICIAN TRAINING 


NATIONAL ELECTRONICS 
VCE ADVANCED ICT 
HNC AND HND ELECTRONICS 
FOUNDATION DEGREES 
NVQ ENGINEERING AND IT 
DESIGN AND TECHNOLOGY 


LONDON ELECTRONICS COLLEGE 
20 PENYWERN ROAD 
EARLS COURT, LONDON SW5 9SU 
TEL: (020) 7373 8721 
www.lec.org.uk 


os Robot Bits 


Robots, Arduino & more! 


F odin 


= 
= 
=< 


wim. fobotBits.co.uk 


0845 5 191 282 
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Spinvent =. 
iene aes ‘a 
VALVES AND ALLIED COMPONENTS IN Propeller 8-core 

STOCK. Phone for free list. Valves, books and 32-bit microcontroller 
magazines wanted. Geoff Davies (Radio), tel. www. spinvent.co.uk 
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01788 574774. 01603 611 216 


KITS, TOOLS, COMPONENTS. S.A.E. 
Catalogue. SIR-KIT ELECTRONICS, 52 
Severn Road, Clacton, CO15 3RB, http:// 
sir-kit.webs.com 


DUE TO BEREAVEMENT, CLEARING OUT 
over 50yrs worth of components and equip- 
ment. Please email for lists shaunmar@sky. 
com. 


ADVERTISE HERE FOR 
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STEWART KEARN 
ON 01202 880299 
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Next Month 3200" 
e on ON SALE 14 JULY 

SD Card Music & Speech Recorder/Player 

This is a fantastic project with a multitude of uses. It’s a digital recorder that stores WAV 
files on low-cost MMC/SD/SDHC cards. It can be used as a jukebox, a sound effects 


player or an expandable ‘Dictaphone’. You can use it as a freestanding recorder, or in 
conjunction with any Windows, Mac or Linux PC. 


Input attenuator for the Digital Audio Millivoltmeter ® 
Remember our super Digital Audio Millivoltmeter project back in March 2011? Well, it 
just got even better! With this add on you can now measure AC voltages up to 140V RMS. 
Easy to build, it’s a simple switched-input divider that lets you add 40dB, 20cB or OdB of 
attenuation ahead of the meter at the touch of a knob. 


Deluxe 3-channel UHF Rolling Code Remote Control — Part 1 

We've shown you how to make keyless entry systems before, but this really takes the 
concept to another level. It’s a high-security 3-button UHF transmitter and receiver system 
that can be used for keyless entry into homes and commercial premises and for controlling 
garage doors and external lighting. Three separate outputs on the receiver 

can be used to activate various electrical devices, such as a door strike, a 

motorised garage door and 230V AC lights. Up to 16 transmitters can be 

used with one receiver, so it’s even suitable for a small business. 


Reycle It! 


More free electronics from valuable discards! 


Teach-In 2011 — Part 10 

Mike and Richard Tooley discuss practical aspects of test instruments, 

measurements and testing circuits. Plus, you definitely do not want to miss 

their introduction to PCB layout using the series’ excellent accompanying i 
software package, Circuit Wizard. Content may be subject to change 


= U ro pe , S L a ge e st Rechargeable Batteries With Solder Tags 


NIMH NICAD 


Surplus Store 


20,000,000 Items on line NOW ! 
New items added daily 
Established for over 25 years UK company Instrument case with edge connector and screw terminals 
Display Electronics prides itself on offering a Size 112mm x 52mm x 105mm tall 
massive range of electronic and associated This box consists of a cream base with a PCB slot, a cover plate to pro 
" tect your circuit, a black lid with a 12 way edge connector and 12 screw 
electro mechanical equipment and parts to terminals built in (mm pitch) and 2 screws to hold the lid on. The cream 
the Hobbyist, Educational and Industrial bases have minor marks from dust and handling price £2.00 + 
VAT(=£2.35) for a sample or £44.00+VAT (=£51.70) for a box of 44. 
user. Many current and obsolete hard to get 
parts are available from our vast stocks, 
which include: 
@ 6,000,000 Semiconductors 
# 5,000 Power Supplies 
@ 25,000 Electric Motors 
# 10,000 Connectors 
# 100,000 Relays & Contactors panel Bese ae to " 
; : used with an orbitel mobile telephone i 
@ 2000 Rack Cabinets & Accessories contains 10 1-6Ah sub C batteries (42 x 
@ 4000 Items of Test Equipment 22 dia. the size usually used in cordless 


screwdrivers etc.) the pack is new and 


@ 5000 Hard Disk Drives unused and can be broken open quite 
easily £7.46 + VAT = £8.77 as 


1 Please add £1.66 + VAT = £1.95 nesta 8 packing per order 
www.distel.co.uk 
JPG Electronics 
Display Electronics Telephone Shaws Row, Old Road, Chesterfield, S40 2RB. 
29 | 35 Osb Road Tel 01246 211202 Fax 01246 550959 
Thornt aie si [44] 020 8653 3333 www.JPGElectronics.com 


Mastercard/Visa/Switch 
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Normanton, WF6 1TW. Distributed by Seymour, 86 Newman St., London W1T 3EX. Subscriptions INLAND: £21.95 (6 months); £41.50 (12 months); £78.00 (2 years). OVERSEAS: standard air service, 
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PRE-PRODUCTION CHECK , 


1 Board Edge Defined - CHECK 


All Components Placed - CHECK 
= 


— 


All Connections Routed - CHECK 


il 
Power Planes Generated - CHECK 
No Design Rule Violations - CHECK 


PROTEUS 7 


Design with Confidence: 


The latest version of the Proteus PCB Design Software provides a multi- 
stage Pre-Production Check which will detect and prevent a variety of 
common mistakes prior to your boards being sent for manufacture. 


PROTEUS DESIGN SUITE reatures: 


» Hardware Accelerated Performance. » Board Autoplacement & Gateswap Optimiser. 

» Unique Thru-View™ Board Transparency. =» Direct CADCAM, ODB++, IDF & PDF Output. 

» Over 35k Schematic & PCB library parts. «= Integrated 3D Viewer with 3DS and DXF export. 
» Integrated Shape Based Auto-router. » Mixed Mode SPICE Simulation Engine. 

» Flexible Design Rule Management. » Co-Simulation of PIC, AVR, 8051 and ARM. 

» Polygonal and Split Power Plane Support. = Direct Technical Support at no additional cost. 


abcente r/ \ / \ / \ ww tabcenter.com Visit our website or 
phone 01756 753440 


Flectronics 
Labcenter Electronics Ltd. 53-55 Main Street, Grassington, North Yorks. BD23 5AA. for more details 
Registered in England 4692454 Tel: +44 (0)1756 753440, Email: info@labcenter.com 


SSI LZ Designed in the UK, 
AA K 


Made in the UK. 


Tel. 01298 70012 
www. peakelac.co.uk 
salesi@peakelec.co.uk 


West Road House 


West Road 
Buxton 
Derbyshire 
SK 17 6HE 


PEAK* 


electronic design itd 


Atlas LCR - Passive Component Analyser 


The Atlas LCR (Model LCR40) is now supplied with our new 
premium quality 2mm plugs and sockets to allow for greater 
testing flexibility. Supplied with 2mm compatible hook probes 
as Standard, others available as an 


option. 


Test inductors (from 1uH to 10H), 
capacitors (1pF-10,000uF) and 


resistors (10 to 2MQ). Auto- 
range and auto component 
selection. 

Basic accuracy of 1.5%. 
Baltery and user guide 
included. 


Optional Probes 


HP8563E SPECTRUM ANALYSER 
9KHZ - 26.5GHZ Synthesised........ £POA 


HPII1Z0A PURCTION GENERATOR 
100 MicrohMi = 1 SMH 
LIne Bose: DSS 


Ueed, No Moulding. Mo Harwi  55 | i MH2-4 GH? ; 
: — seal 12008 Service Communication 


MAROON! 2955 FLA 
COMMUNIC ATION TEST SET 
ONLY £625 


‘. 


£67.50 + VAT 


E81 inc UK VAT 


Please add £3 for UK P&P 


"Check sit our website, 1,000's of items | in aoCK. 


AGILENT E44028 Spectrum Aralaeer 
TOR — 3GK7 wih Geen 10M Tricking 
Gen; 1 OA Narrow Aes: A4H GPIB, 
LAME... SoD 
HP 356704 FFT Dynamic Signal Analyser 
2? Chane. Unser in origanad bean Cott 
| AGILENT #37528 Syrihesieed Sweeper 
O01 OSH... 
| HPSST11B Synthoaiacd 1 CHE a 
| Opi TE) Aber... : ES Ge) 
| AGILENT HP £44718 Signal Georsraior 
250KHs SSH Ciptal Moeaculation. 27rd 
MAROON! 2024 Signal Generator ORH2: 
2402 Opt O4., imonoke 10 
MAROCONDIFA 2000 Signal Chariecates 
{ORM 135 GH. ua Poe Te! hs] 
MARGIN 2022E Syntheninad A EMA 
Signal Generac 1OKH2- 1 OTOH ...PSo0 
| HPGsSGA Spocinet Analyser 100Hz- 


| HPBSSBA, Spectre Anahyaer nioHa- 


AYCOM PS a7 0 Seach arn Anaiyeet 
a's 


«fe EE 
HeeeniA, Power Supply O ao ODA 
Tita, spied a 0-507 0.64 

Sioecieg! parca, 256i 

AVOMEGGAR FTG12 AGDC 

| brmkciona) foaior......, oe. ta 
MARCONIIFR/ AEROFLEX 2025 Si 
Gen Ihe? —?251GH2 On G4 High Stab 
| Opt 11 igh Power mic As Mew... P20 
| SOLARTRON 1250 Frequency Aosponss 
| Angiyaanr iwHs ASR. eS 


Also available Marconi 29554 429558 (HP3924A Synitweteed Function 


EMI 3200L RF POWER aaa LER 
230KHE-1S0MHE SOW SSM 


Generator 2 UME... s 
HPATSOA Active Probe BMG. SMM? 

ee ae | 
ANRITSU MS2601 A, Spectrum Arua aee 
1OKKG-2.20H7 SGohm eset eM 


= = a 


AGILENT E4421 S5OKHF-3GHT 
L __ Signal Generator £2500 


HPSS1314 Unaware Counter Ci O01 
Lita Baiend 2 it io 
Lireuearcd Boned PDSMH?.. 
Hpesaoe Smecinum Asuahyooe O01 
22H... Cioo0 
HP S61 Ba Chatioscome Cunal Times 
BOOMEG aS Colour ; 1280 
GUAAT LOCK 104-7 Aiuiicturn 
Frmquancy Staniand...... tooo cal 0G 
PENDULUM CATO Tinmwrtlounter 
(hnaloer POGHF...........- B80 
ADY ANTEST Al465 Spectrum 
Analyoer OHHH. .... wll 
HP Progranmnncnable Attenuators £000 
each 

2S CR Bee 1 te 

333210 DC-1SGH Toc 

Many otters ovoiloble 

AGILENT E0164 Power Supply On. 
CSA 1 Sy 0-2 Lire 


AGILENT ES611A Power Sopaly o-20' 


0:1 6-35 O88 Linus 
CIRAUS CALZ!4 Sond Lowe Matar 
wih Casiwabor.. 
EELIZO Digital Sound Leen! Abobo wilh 
CEL SH? Acmsiion! Calibre. 

CEL 269 Oiptal Sound Laws Motor with 
CELSRe Auscaey pica! Con ber wie 

FLUKE SCOPEMETERS 

B98 Series 1 20h TOMHE SS546 trom 
CI26 


OT 20h SOME 2SMS!S trom E225 


STEWART of READING 
17 A King Stree, Mortimer, 
Near Reading RG? SAS 
Telephone: 0118 833 1111 
Fax: 6118 933 2975 

= Som Monday = Friday 


Ueed Equipment — GUARANTEED 
Prices plus Carriages and VAT 


Pigase check availability botore 
ordering or CALLING IN 


aS | 


MARCONI 2945 RADIO 
COMMUNICATION TEST 


SET with... 
Opi 01 - 600 of Manating Linit 
Opt 00.— High Stabaity OC MO 
Opt 06 = Memory Card Orive with Roal 
Tene Clack Opt 08 = S58 Demoediinior 
Get 71 Dercculaton Ptr 
Op #2 POCSAG Omoode 


Only £3,000 


HF £5598) 


‘HPS2698 Power Supply 
O40 0-504 T400 


AMPLIFIER RESEARCH 


POWER AMPLIFIER 1000L AMS TPA 


